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PART 1. 


WATER. 

CHAPTER I. 

CHEMICAL ACTION OF WATER IN NATURE AND IN INDUSTRIAL USE. 

The chemical action of water in nature and the phenomena of 
hydrochemical activity observed m a large number of industrial 
operations arc so closely related that their study will help to 
determine the causes of difficulties with water, and assist at the 
same time to a discovery of the necessary remedies 

If water actually were what its chemical formula represents it 
to be, simply a compound of hydrogen and oxygen, the difficulties 
and troubles which arise when it is put to industrial uses could not 
arise. From this consideration it is evident that the distillation of 
water is in itself a preventive against the various accidents liable to 
<inse from the use of ordinary water, in which is held in solution a 
variety of matters prejudicial to manufacturing processes. 

These injurious influences at work vary not only according to 
the nature of the process to which the water is applied, but also 
according to the quantity and nature of the matter held in solution 
in the water. Water that in nature produces the chemical pheno- 
mena of corrosion and detrition not infrequently reproduces the 
like phenomena m the processes of manufacture, occasioning serious 
accidents, such as boiler explosions. 

As water forms it seizes hold of the various constituents of the 
air with which it comes in contact, and charges itself with them 
In this way carbonic acid, nitrogen and oxygen, ammonia and 
nitrites enter into its composition. 

Charged thus with these constituents of the atmosphere, the 
water falls on to the rock of the earth’s crust, where its chemical 

I 
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action, exerted on the different bodies of which that envelope i.s 
composed, is the cause of various phenomena of transformation and 
disintegration. 

It is owing to the presence of these gases, and more especially 
to the further supply of carbonic acid which it takes up in its passage 
over the earth's crust, that the water is able to penetrate the rocks 
and exercise its powers of destruction and decomposition on even 
the hardest of them. 

This carbonic acid is produced by the decomposition of organic 
matter, as shown by Boussingault, or is the effect of the oxidation 
of combustible matter, or of the action of acids on limestone rock. 
The different substances in solution which have this destructive 
power on rock are likewise the cause of corrosion in steam-boilers- 
and of iron generally 

It is easy to understand that, if water is capable of such vigorous 
action in nature, it must necessarily display similar energy in 
industrial use, and even be able to get the better of substances 
endowed with a maximum of resisting jjower. Charged with 
oxygen and carbonic acid and with organic matter in its action 
on the rocks water can convert anhydrous bodies into hydrates, 
dissolve mineral matter, produce carbonates, and separate the 
metals from the substances combined with them. 

The solution of combined metals effected by water piocecds 
according to the co-cfficicnt of their solubility and m virtue of spec ial 
considerations relating to their decomposition 

As these salts arc soluble water often contains calcium sulphate^ 
and calcium carbonate, which arc injurious to most manufacturing 
processes , but the proportion of the latter is found to vaiy con- 
siderably, according to the amount of carbonic acid present. 

As calcium carbonate is soluble in water which holds carbonic 
acid in solution, calcium bicarbonate is formed ; so also with 
magnesium carbonate, which yields even more readily to carbonic 
acid. 

In the case of water containing calcium carbonate and mag- 
nesium carbonate in solution, according to the excess of carbonic 
acid present, this water, which readily absorbs this acid, will often 
just as readily release it. 

In nature this liberation of the carbonic acid occurs either as 
the result of its action on other rocks, or through the action of 
marine organisms, and the final outcome is a deposit of carbonate 
of lime. 

In industrial operations it has been observed that the giving 
off of carbonic acid through the boiling of water causes injurious. 
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deposits of calcium carbonate in the form of scale, and that, m 
bleaching, troublesome reactions occur through the hydrates of 
metals of the alkaline earths being fixed by the fatty acids of the 
soap used for scouring, resulting in an insoluble calcareous com- 
pound entailing a great waste of soap. 

In dyeing, the formation of lakes when water is charged with 
calcic carbonate furnishes us with another example of this release 
of carbonic acid and isolation of calcium carbonate, the result in 
this case being wasteful precipitation of the colouring matter. 

Having instanced some of the effects associated with the use of 
water, and shown the reason of these effects both in nature and 
in the industrial arts, we proceed by deduction to determine the 
remedies necessary to counteract them. 

To begin with, care must be taken not to use water containing 
lime salts in any considerable quantity, if vexatious troubles are to 
be avoided in the workshop and the factory If a calcareous water 
must be used it must first be softened. 

This preliminary correction consists in eliminating the carbonic 
acid by bringing the water to the boiling-point in a special ap- 
paratus, or by precipitation of the carbonic acid in a vessel contain- 
ing milk of lime or some other chemical reagent possessed of the 
same property. 

Precipitation similar to that of calcium carbonate takes place in 
the case of water impregnated with iron, such as mineral waters. 
This has been sufficiently demonstrated by M Riban in the learned 
treatise laid by him before the Academic des Sciences. The same 
may apply to iron precipitates which cause difficulties in certain 
industrial operations 

Calcium sulphate induces deposits as the result of molecular 
transformation and also in terms of the co-efficient of its solubility. 
These deposits are troublesome in proportion as they are hard 
and adherent. 

Calcium sulphate, in presence of other bodies, frequently forms 
calcareous combinations detrimental to industrial processes. In 
nature, calcium sulphate is fprmed by the sulphuric acid of pyritic 
rocks beihg absorbed by the adjacent limestone. 

The oxygen of the air held in solution in water has an oxidis- 
ing effect on the pyrites, apparent in surface transformations that 
gradually extend in depth. 

Thus we obtain the different sulphates of iron ; thus also is basic 
sulphate of iron formed, which precipitates on the rock, and likewise 
normal ferric sulphate, which dissolves in water. 

The sulphuric acid disengaged by this reaction acts on limestone^ 
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aluminous and magnesian rocks, and combines with the metallic 
elements and the alkaline earths to produce sulphates. 

In nature these sulphates find substances on which to exert 
their reducing powers ; and so also in industrial processes, where 
as U consequence of the use of water containing .sulphates similar 
phenomena are liable to occur. 

In boilers reduction of the ferric salts takes place at the expense 
of the iron plates, and this is as liable to occur with sulphate of 
aluminium as with ferric sulphate. As a result of reduction of 
the sulphates by organic matter, sulphides are formed ; this 
transformation takes place in nature, and likewi.se in industrial 
operations, where it is an evidence of similar action. 

As for the chlorides, .sodium chloride in particular is rapidly 
dissolved when water passes over beds of rock salt. Were it not 
that these rocks are protected by impermeable beds of clay, they 
would soon be carried off altogether by the water. 

Sodium chloride is readily diffused through the rocks, which in 
contact with water yield the .salt in .solution, and some Sjiring waters 
owe their saline character to infiltration of sea water. 

Sodium chloride operates on the rocks within reach, its action 
being frequently assisted by the presence of silica. In tins \va}' the 
different elements of the rocks become im[)rcgiiale(l willi (hloride, 
and eventually the water is found to contain chlorides of sodium, 
of potassium, of magnesium, of calcium and otluM's 'Kht'se cliloiidt's 
are the cause of trouble and damage in tlu' industrial aits, as we 
shall have occasion to observe, for evampk' in tanning hides, and 
in other crafts troubles an.se from the coiiosivc* t^lfecls of the 
chlorides on metals. 

On the other hand, in certain industiial oj^erations distilled 
water is not always preferable to water containing sjiccific matters 
in solution. For in.stance, in dyeing, a calcareous water is an 
advantage in the application of ali/arine cedours. 

Again, in brewing, the proce.ss of ma.shing is unproved by the 
use of a gypseous water. 

Further wc shall note in the cour.se of this work, that phenomena 
of chemical activity in nature arising from the action of microbes 
recur in the industries, frequently with serious consequences. 
Certain phenomena of iron corrosion induced by nitrous and nitric 
ferments may be instanced, and likewise certain troubles in breweries 
and other places where the process of fermentation is carried out. 



CHAPTER n. 


COMPOSITION OF WATERS— ORIGIN OF THE SUBSTANCES THEY 

CONTAIN. 

In a general way, all water is impure. 

Pure water-T— that is to say, water with a composition answering 
to the scientific formula H^O, or a combination of two volumes of 
hydrogen with one volume of oxygen, without admixture of even 
a trace of any other substance — is not met with in nature. 

Distilled water is the typical pure water obtained by condensing 
steam Although a simple one, the process requires care 

All Welters contain foreign substances, such as nitrogen, carbonic 
acid, nitrites, nitrates, sulphates, chlorides, carbonates , salts of 
potassium, sodium, c«ilcium, and magnesium , ferrous and ferric 
salts, silicates and salts of aluminium — the nature, association and 
proportion of which enable us to distinguish between the different 
waters and to ascertain their origin. 

The origin of any water may thus be determined by its com- 
position 

We may classify the different kinds of water as follows — 

I Rain, snow, hail, etc 

2. Ordinary water well and spring waters , running waters 
calcareous and selenitic waters ^ 

3. Sea water 

4. Deep well waters 

5 Mineral waters. 

6. Distilled water 

P'rom the industrial point of view it is important that the com- 
position of different waters and the origin of the substances they 
contain should be known ; as in many cases this knowledge will 
enable the manufacturer to foresee the troubles their use will cause, 

^ The author uses the term “ calcareous ” to signify water containing carbonate of 
lime, and “ selenitic ” to signify water containing sulphate of lime In English, at any 
rate, this terminology is objectionable, and in future we have called them simply 
carbonate ” and ** sulphate ” waters. — Tr. 

( 5 ) 
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and he will be in a position to apply the necessary remedies in a 
methodical manner. 

I. Rain, Snow, Hail, etc. 

The water on the surface of the earth is subject to continual 
evaporation, rendering the air more or less humid. Hence the 
atmosphere contains aqueous vapour, but in quantities varying 
greatly, according to a condition of the atmosphere known as its 
hygrometric state. 

This hygrometric condition is the ratio between the pressure of 
water- vapour and the temperature of the atmosphere. 

The air can only contain a certain definite quantity of moisture 
or of water-vapour at a given temperature and pressure I'he 
humidity of the atmosphere is therefore limited, and when that 
limit is reached the air is said to be saturated. 

At this point the surplus is condensed and falls back in the* 
form of rain, to undergo anew the process of evaporation ; and the 
drier the air and the stronger the wind the more rapidly cloths this 
evaporation take place As a result we have the formation of mist 
and clouds, and these become visible the moment the relative 
humidity of the air has fallen below the point of salunition. 

In the case of clouds this condensation of the vapour is caused 
either by the cooling of the atmosphere, or by thc‘ combination oi 
cold volumes of air driven by the wind with warm air chaiged with 
moisture 

The condensation of aqueous vapour in the atmosphen^ ina>' 
also be caused by the proximity of mountains, whose low tempera- 
ture cools the volumes of damp air that sweep over them. 

If the clouds are neither kept up by ascending currents nor 
are in a drier atmosphere, condensation takes j^lacc and rain is 
formed. 

When the temperature of the air is below zero, instead of ram a 
crystalline substance usually falls, which we call snow ; and gradu- 
ally as the temperature falls the downfall of snow diminishes in 
proportion. 

Snow continues to fall until the temperature reaches about - 20" 
C. Under these conditions its formation may be assisted by the 
wind, but it is very scant. Below — 20° C. snow is of rare occurrence. 

Verglas (a mere glaze of ice) is caused by rain at a temperature 
verging on zero falling upon a colder soil. 

Water crystallises in forms belonging to the rhombohedral 
system Snow is composed of a certain number of small crystals 
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usually in the form of six-rayed stars, in the centre of which is 
sometimes seen a small brilliant crystal, hexagonal in shape. 

The specific gravity of snow may be stated as o*io when newly 
formed. The results of examinations made by different authors 
vary as much as loo per cent., but everything depends on the 
condition of the snow at the time of examination. 

But whatever the form of the aqueous meteors,^ be it rain or 
snow, notwithstanding that they are the purest water, they contain 
gases of atmospheric origin. This is owing to the solvent power 
of the water, and the amount of such gases held in solution must 
vary with the composition of the air and the conditions of the 
atmosphere as regards pressure and temperature, and with the 
season. 

Among the gases found in solution in ram water are oxygen, 
nitrogen and carbonic acid. 

In addition to these gases meteoric waters contain salts, such as 
the carbonate, nitrate and chloride of ammonia, sodium chloride, 



Fig I — Snow crystals 

the proportion of which is very appreciable in waters found near 
the sea, sodium sulphate and calcium salts 

In proximity to the sea meteoric waters also contain iodides and 
bromides. 

Finally, the organic matter which is always found in the air is 
earned down by rain, and, as in the case of compounds of ammonia, 
the quantity of this organic matter is greater in the vicinity of 
centres of population, such as large cities 

From the investigations conducted by Chatin we may con- 
clude — 

I That at Pans, when the wind blows in from the sea, chlorides 
are found in greater proportion in ram water than in the water of 
the Seine they abound in rain water near the sea. 

2. That the rain water of Central France and of Pans contains 
a considerable amount of sulphates, more so generally than the river 
waters. As a rule rain water is not as heavily charged with chlorides 
as river water. 

^ Henceforth the author uses this poetic expression, but we have translated it 
■“ ram,” and this must be taken to include all forms of water from the skies. — T r. 
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3. That the salts of calcium and sodium are found in quite 
appreciable quantities in ram water. 

4. That rain water is found to contain some nitrogenous organic 
matter which may be considered a mixture of ammonia ulmatc and 
ulmic acid. This organic matter abounds in the lower layers of the 
atmosphere, and rain water contains as much as 0-05 gramme per 
litre. 

Water (.oUeoted at the 1‘aris Ohhervutory, 

On the tenaue. On the Icvul. 


Nitroj^en 

(Grammes per cubic metre.) 

6‘S97 7VM) 

Ammonia 


z-yU) 

Nitric acid 

I4'o69 

21*800 

Chlorine 

z So I 


Lime 

6‘Z'ZO 


Magnesium 

a ' 100 

Z'^o^^ 

Analyses of ram water when 

collected at the 1 

l\'ins ObstM'vator)’ 


made by M. Barral show a I'csidiium <)ro*022<S ^ramiiio ])cr litre 

The presence of organic mailer m<ikos it extrt‘nu‘ly (lifficult to 
preserve rain water, because of the objectiondble tninsfonnation such 
matter undergoes As the result such water may be rendertsl uiifil 
for domestic purposes, and injurious even in industrial opiu'ations 
This is frequently the case with rain water collected without luves- 
sary precautions in ill-kept cisterns, when it is liable to absorb distMse 
germs, under which circumstances it is not fit for t,()nsuin[)tion. 

Rain water, gencrall}' spe<iking, is the puiest ol all natiiial watcMs, 
and it will be found advantageous to use it in the pku v o( au\' othei 
water which may have proved detrimental to industrial proctssc's 

Ram water is often used instead of distilled waltn in the pi(‘ 
paration of most of the baths requiicd in photo<;r«i])hy 

2. Ordinary Watkr. 

(a) Well and Spring Waters. — Owing to the |)orous nature of 
the rocks of the earth’s crust, and to the cracks and faults occurring in 
them, the water falling on the surface of the earth is able to penetrate 
into the ground 

This water, charged with carbonic-acid gas and oxyg(*n, has a 
powerful disintegrating action on the material of the rocks, some 
of whose constituents are chemically attached and carried away in 
solution. In this way the hardest rocks are worn away. 

By reason of the principle by virtue of which water always seeks 
the lowest level,, these waters in their passage into the depths of the 
earth absorb more and more carbonic-acid gas, from the abundant 
supply afforded by organic matter. 
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The water being thus strengthened by this fresh" 
carbonic gas, the phenomena of chemical activity becomS^‘‘iit^ 
marked. 

As a consequence of the phenomena of oxidation, carbona itioin 
and decomposition produced by the excess of* carbonic acid, tlifr 
water loses more and more of the gases, especially the carbonic 
acid, whicli dissolves the limestone rocks with the greatest ease. 

The permeation of the different geological strata by the w^ter 
is arrested when it comes in contact with an impervious bed, ati«d it 
here collects and forms subterranean pools. 

These underground reservoirs, which sometimes are of a capa,<c.ity 
sufficient to form regular lakes and subterranean rivers, feed tlie 
springs and wells. 

A spring therefore is produced by an underground flow of wster 
emerging from the ground The direction of this flow may tie 
ascertained by determining the bearings of the geological strata - 

These underground bodies of water are therefore retained byr an 
impervious stratum 

B>' sinking a shaft in the ground down to the watei-line a va^cJI 
IS formed 

If the spot at which the boring is made is at a level considcraibly 
lower than that of the highest point of the Writei-containing stratniti, 
by virtue of the principle illustrated in the syphon the water 
compressed strives to reach the highest water-inaik, and spurts out 
as an artesian well 

In sinking wells through the different stratfi consecutive sh-c-cts 
of water are frequently met with. ‘Thus, when boring the well foi 
the railway station at Saint-Oucn, M. Flachat came across fiv-e at 
dejnhs of 36, 45, 51, 59 and 66 metres respectively. 

Thrit these artesuin wells are sometimes of great depth sikI 
fuinish a considerable yield is shown by the following table — 


CoLAtioii of well 

Grencllc 

Tours 

Bages, near Perpignan 
Saint-Ouen Railway Station 


Depth in metrcb 

548 

140 

140 

66 


Yield per minute 
Litres 
8go 
1,100 
2,000 
2,000 


The greater the depth of the well the higher is the ternperattm 
of the water The ratio of increase has been ascertained to b*e t° 
per 25 metres ; but this temperature is independent of the atnmo- 
sphere above ground. 

Water rising from deep wells has a temperature higher than that 
of the locality in which it issues from the ground. 
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Thus at Paris the mean ^temperature at the surface of the ground 
is io6® C., while that of the well at Grenelle is 27° C,, and that of 
the well at Saint-Ouen is I2‘9° C. 

As a rule also, the greater the depth the greater the pureness of 
the artesian water. This is sufficiently proved by the proportion of 
suspended matter found in it. Thus at Saint-Oucn M. O. Henf)-^ 
found 0*734 gramme of solids at a depth of 49 metres, and only 
0267 gramme at 65 metres. 

The composition of spring water varies according to the distance 
traversed and according to the nature of the strata it has percolated 
through. Thus water obtained from the granitic stratum is purer 
than that derived from the secondary strata, the latter being more 
or less calcareous. 

Ordinary well water frequently contains a considerable ciuantity 
of calcium carbonate and calcium sulphate, which render it unsuit- 
able for industrial and domestic purposes. 

In the case of shallow wells the water often gives off a marked 
odour of sulphuretted hydrogen, arising from the formation of sul- 
phur by the reduction of calcium sulphate in the j)rescnce of tlu^ 
organic matter in the water • — 

We have first — 

CaSO, + 2C 2C(), + CaS, 

and then, 

CaS 4 - 2ll,>() Carol 1 ), + IT.S 

These reactKins show first of all this reduction, the organu 
matter being represented by C , and next llu‘ decomposition of thc‘ 
sulphur converted into sulphuretted hydrogen, for calcium sulidnde 
is very unstable. 

When this organic matter has become nitrogenised it is liable to 
be transformed, under the influence of certain ferments, into com- 
pounds of nitrogen, such as nitriles, nitrates and ammonia. 

Salts of potassium are found in artesian well water, as also in 
waters derived from granitic and fcldspathic strata ; but they occur 
only in extremely minute quantities in liver water. 

Running Waters. — After forming subterranean reservoirs 
and issuing from the ground m the form of springs, the water has not 
yet reached the end of its journey. It now pursues its way over the 
surface of the earth, wearing it down little by little, and carrying 
off by the sheer mechanical action of its current the material of 
which that surface is composed. 

The streamlets thus formed meet and develop into brooks, and 
these in turn swell into rivers, which eventually run into the sea, 
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sweeping along with them the detritus collected throughout their 
•course. 

In the working of the chemical activity exerted by underground 
waters, their solvent power enables them to take up a variety of 
substances in solution, and the quantity of these at the point of 
•outlet varies greatly, and decreases more and more the farther we 
move from the spring. 

When the water has passed through granitic strata only and 
pursues its course over silicious ground, the quantity of matter held 
in solution will be small, and in its onward progress it will liberate 
a portion of the salts thus held. 

The operation may be described as one of exchange : the water, 
after robbing the underground rocks of their constituents — either 
directly by the exercise of its solvent power, or after subjecting 
them to certain transformations — on reaching the surface liberates 
a portion of the substances with which it has become charged. 

Thus carbonic acid, which enables water to dissolve limestone 
readily and facilitates the solution of certain salts, is disengaged , 
•consequently the lime and salts are no longer capable of being held 
in solution and are precipitated 

In addition to the spring waters which assist to make the 
streamlets, rain water contributes materially to the solvent action 
■of water flowing over the surface of the land. 

Ram, being loaded with carbonic acid, serves to reinforce the 
supply of this acid remaining in this water , hence renewed encrgv’ 
accrues to the solvent power of the water over the rocks through 
which it passes, while the salts are maintained in solution 

Notwithstanding this, there ensues a marked decrease in the 
amount of mineral matter held in solution ; so that a much larger 
quantity of this substance is found in streamlets near their source 
than in biooks, and, in the same way, a far greater quantity in 
brooks than in rivers. 

Calcium carbonate is one of the salts which are most rapidl>’ 
reduced , still running waters always contain a certain quantity of 
It and to this they owe their distinctive taste. 

The proportion of calcium carbonate present in running water 
•decreases according to the distance travelled from its source and 
the nearer its approach to the sea. Thus tributaries contain a larger 
quantity of calcium carbonate than the large rivers, and brooks 
more than the tributaries. 

The solvent action of water diminishes in proportion to theamount 
•of carbonic gas disengaged in its course. Its energy is then exerted 
•on the more easily dissolved rocks, composed of alkaline salts. 
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The farther water travels from its source towards the sea, the 
more does it become charged with salts of potassium and sodium,, 
and more especially with chloride of lime. 

Spring waters contain large quantities of carbonic acid, and little 
oxygen ; streams, on the other hand, are more highly aerated. 

If spring water is clear, not so river water, which collects the 
rain which in its flow carries along organic and silicious matter, 
such as clay, sand and eatth. 

This matter remains in suspension in the water, and tlie mud- 
dincss thus occasioned is generally more noticeable when the waters 
are in flood. 

In the Hydrometric Service of the basin of the Seine the degree 
of transparency of the water is determined as follows : 

A white object, one decimetre siiuare, is immersed to a depth of 
30 centimetres in the water to be tested. 

If the object is distinctly visildc the water is clear. 

If the object is indistinctly visible the water is considered doiibtiul 

If the object is invisil^le the water is turbid 

The gentler the slope — in other words, the slowei the current - 
the more tcadily is the suspended matter in the water (k‘positc*d 

This deposit constitutes the slime, and the org.inic matter of 
which It IS composed combines with silicious subst.inci‘s, with salts 
of calcium, with aluminium and with oxide of non. 

The s(‘rics of tests of Seine water iniulv by M Ilmve Mangon 
at Port-a-r,/Vnglais, and extending over a i)cnod of thret‘ yisars, 
gave an average of 39 660 grammes of slime j)er cubic metu': the 
maximum weight of slime per culac metre stood at 626*12 grammes, 
and the minimum at r350 grammes. 

Analysis of the slime yielded the following proportions of nuncral 


matter • — 

Per tent. 

Carbonate ofhme to OK 

Peroxide of iron and of aluminium j-KK to 16-5.^ 


Water described as clear, following the practice of the Ilydro- 
metric Service, must contain less than 10 grammes of slime per 
cubic metre. 

The proportion of slime present in water varies considerably in 
different rivers, thus the Durance at Merundol contains an average 
of 1*454 grammes of slime per cubic metre, while the Var at La Gaude 
contains 3*577 grammes. 

Seeing that the nature and amount of the suspended matter 
the water is so variable, it stands to reason that* the compositioru 
of the slime differs as widely. 
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There is no need to dwell on the formation of nitrites and 
•ammonia, the latter combining, in particular, with carbonic acid to 
yield ammonium carbonate. 

Sulphides are also met with as a consequence of the reduction 
of sulphates in the presence of organic matter. 

It is worth noting that if river water contains nitrates, sea water 
is free from them at a distance from the shore. 

(c) Carbonate and Sulphate Waters. — According to the nature 
of the ground they have passed through, spring, well and running 
waters contain a greater or less quantity of salts of calcium in solu- 
tion. 

Such waters are known as sulphate waters when the proportion 
of calcium sulphate present is considerable, say over o 20 gramme 
per litre. 

This calcium sulphate has entered into the composition of the 
water through the solvent action of the latter on gypseous beds, 
and its frequent occurrence is explained by the wide distribution of 
this kind of strata. 

The Seine at certain points is very rich in sulphate, for instance 
in the gyp.siferous country between Meulan and Chateau-Thierry, 
where springs are numerous Beyond this district the Seine con- 
tains barely o 01 gramme of calcium sulphate per litre. 

The greater the quantity of calcium sulphate in water the more 
unsuitable is it for industrial and general domestic uses 

Well water is frequently rich in sulphate, as for instance within 
the area of the Pari^ basin, where the wells have been sunk in 
gypsiferous strata 

Sulphate waters do not liberate calcium sulphate in contact with 
the air, and require to undergo special puiification before being used 

The calcium carbonate which is found in water is attributable 
to the solvent .iction of the carbonic acid in the water on limestone 
rocks The freedom with which this action is exerted is in inverse 
proportion to the degree of crystallisation of the calcium carbonate 

Not only docs water dissolve limestone and crystalline rocks, 
such as arragonite, but also rocks composed of compound carbonates, 
such as dolomite, which is a double carbonate of calcium and 
magnesium. 

If the quantity of calcium carbonate held in solution in the water 
•exceeds o*S gramme per litre, the water is said to be a carbonate 
water. 

The readiness with which any excess of carbonic acid is liberated, 
with a consequent precipitation of the calcium carbonate, forbids the 
4 ise of carbonate waters in many industries. 
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Salts of lime are prejudicial to nearly every industrial process,, 
and every precaution must be taken to guard against them. 

Wc will examine, in separate chapters, the effects produced by 
these waters in the industrial arts, and the remedies to be applied. 

3. Sea Water. 

The composition of sea water varies greatly, and the results of 
analyses differ according as the sample is taken off the shore or at 
a distance from land, from the surface or from the bottom, in one 
region or m another. 

Sea water contains a large number of substances — chlorides, 
sulphates, bromides, iodides, etc., but the salt that predominates is 
chloride of sodium. 

The quantity of chlorine in a litie of sea water is never less than 
200 grammes. 

This chlorine is m combination with the alkali metals potassium 
and sodium, and with the metals of the alkaline earths magnesium 
and calcium. 

Magnesium chloride plays an impoitant part in the phenomena 
of corrosion set up by sea water 

The salinity of the sea is the sum total of the safts it contains, 
and is determined by their total weight. As a rule they aggregate 
35 to 36 grammes per litic, chloride of sodium «'iccounting for about 
30 grammes, while salts of magnesium — to which sea water in a 
great measure owes its taste — amount to one-sixth or so of the total 
weight of saline matter. 

The degree of salinity of sea water varies greatly, being higher 
in the tropical regions near the Kcpiator than in the polar circles. 

The temperature of the sea is far from being uniform, and it is 
lower at a depth than at the surface. 

7 'he mean annual surface temperature of the Mediterranean Sea 
is about the same as that of the atmosphere. 

But the temperature of the .sea varies also with the seasons, the 
mean temperature of the Mediterranean in summer and spring being 
lower, while on the other hand in autumn and winter it is higher, 
than that of the atmosphere. 

Calcium sulphate, which is a constituent of fresh water, is also 
found in sea water ; the same remark applies to calcium carbonate. 

The constant accession of water charged with calcium carbonate 
would speedily saturate the ocean with that salt, were it not that 
marine organisms — such as the coral insect, molluscs, foraminifera, 
and echinoderms — secrete it. 
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We gather from the observations of J. Davy that calcium 
carbonate is found particularly in the neighbourhood of the poles. 

The high degree of salinity of sea water and the diversity of the 
salts present in it give rise to most harmful reactions when it is used 
for manufacturing purposes. 

It is therefore impossible to utilise this kind of water in industrial 
operations without removing the greater part of its salts and utterly 
eliminating those which are specially detrimental. 

Later on we will consider the effects produced by sea water 
under various conditions, and the methods of purification that may 
be recommended. 


4 . Deep Well Waters 

Deep well waters ai'e the outcome of percolation through the 
different strata of the earth’s crust. 

In this somewhat slow process the rocks are scoured by the 
water, which effects a disintegration of their principal minerals 

It follows, as a matter of course, that the composition of these 
deep waters must vary considerably ; but in any event it must be 
closely in keeping with the character of the ground in the vicinity 

In these waters it is usual to meet with salts of calcium — calcium 
carbonate, calcium sulphate and calcium chloride ; with ferrous, 
barium, sodium and potassium sulphates ; with various mineral 
sulphates and with ferrous carbonate, etc. 

Water passing through pyritic strata takes up sulphates con- 
sequent on certain transformations taking place. 

In the slate quarries of Angers M Lechatelier has assured him- 
self that deep waters do not contain the least trace of free sulphuric 
acid. 

After certain sj^ecial phenomena of oxidation have taken place 
m the rocks beneath the surface, the pyrites or sulphides are changed 
by means of oxygen into sulphate of iron — 

2FeS + 2 H ,0 + 90 = 2 H,S 0 , + Fe^Og. 

This oxidation of pyrites which takes place m the presence of 
water charged with air eventually results in the production of basic 
ferric sulphate, which precipitates on the adjacent rocks normal 
ferric sulphate and free sulphuric acid, which the water carries off 
in solution : — 

6FeS 2H2O + 27O = (Fe203)2S03 + FegCSOjg -f 2H2SO4. 

The sulphuric acid produced as a result of this reaction attacks 
the adjacent rocks, particularly limestone, forming calcium sulphate. 
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and in this way we account for the presence of this last substance 
in deep waters — 

H,S04 + CaCOj, = CaSO, + CO^ + H, 0 , 

In addition to normal ferric sulphate, we also find in solution 
sulphate of aluminium, cupric sulphate, etc. 

By dint of exercising their solvent powers deep waters are finall}' 
saturated with mineral substances, which they subsequently deposit 
on the ground. 

Deep waters are injurious in manufacture. Their use requires 
•extraordinary precautions if serious harm is to be avoided. We 
will treat of these later on under special headings. 

S. Natural Mineral Waters. 

By this term we undenstand waters that at their source have as 
a rule a high temperature with varying odour, and contain certain 
fixed or volatile elements in solution in greater or less (^llantit>^ 
which elements impart to them medicinal properties. 

Mineral waters may, according to their chemical composition, 
be divided into five grouj^s • — 

1. Chlorinated waters 

2. Bicarbonated waters. 

3. Sulphuretted waters 

4. Ferruginous 01 ch<ilybeate waters 

5 Siil[)hated watois. 

We do not projwse to dwell further on this su!)ject, which is <i 
by-branch of the subject-matter of tlie work 

6 Distii.lei) Water. 

No matter what the origin of water in nature may be, it always 
holds matter cither in .solution or in .suspension 

As we have seen, rain water, which is the purest form of natural 
water, contains air, oxygen and hydrogen compounds, nitrogen and 
various salts. 

Some surface waters hold so great a proportion of substances in 
solution as to render them unsuitable for manufacturing purposes, 
and to disqualify them, a fortiori^ for the delicate and exact pre- 
parations required in photography and pharmacy, and in the 
•chemical laboratory. 

All foreign matter held in solution in water may be eliminated, 
without the introduction of any other substance, by means of 
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evaporation and condensation of the vapour, which yields distilled 
water, the vehicle or medium of all delicate preparations. 

Distillation is carried out by the aid of an apparatus known as a 
still (fig. 2), which is composed of a retort A, fitted with a head C, 
communicating through a beak with a worm or coiled tube S, which 
is immersed in a stream of cold water in the refrigerator. 

To proceed to distillation, water is introduced into the retort, 
the fire is lighted, and the worm is kept cold by turning on the 
cold water from the main. 

In a few moments the water-vapour rises into the head, where 
it throws off any foreign matter that may have been borne up by 
mechanical action. 



Fig. 2 — Still. 

It then passes into the worm, where, as the result of refrigeration, 
It is condensed and yields distilled water, which should be collected 
in perfectly clean vessels. 

Easy as the operation is, it requires to be conducted with a 
certain amount of precaution to ensure a product of the requisite 
pureness. 

To begin with, the water should be tested as soon as it issues 
from the still, and the collection of it deferred so long as it is found 
to contain foreign matter. 

The water to be distilled may contain volatile substances, such 
as carbonic acid and ammonia. This is especially the case with 
waters passing through large towns, like those of the Seine and the 
Rh 6 ne. These bodies are evaporated in the still, and are found in 
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the first portion of the distillate. For all practical purposes, there- 
fore, this should be rejected. 

Owing to the instability of salts of ammonium and of magnesium 
chloride, water charged with these substances is liable to yield, 
consequent on their decomposition, a distillate j^mpregnated with 
ammonia and hydrochloric acid. 

As a first precaution the operation should not be carried out 
to a finality, and the amount of distillate collected should only 
equal three-fourths of the original volume of water; in other words, 
the last portion of the water in the retort should be thrown 
away. 

Another method is to add to the water in the retort, before 
applying heat, some substance that will have the effect of reducing 
the instability of these various objectionable compounds. 

Thus, in the ca.se of water charged with ammonia, the ammonia 
is fixed by the addition, before distillation, of magnesium jihosphate, 
while in the case of water containing carbonic acid milk of lime is 
substituted 

Frequently laboratory-distilled water is found to be acid, owing 
to the hydrochloric acid produced by the decomposition of chloride 
of magnesium. In this case it is well to render the watei slightly 
alkaline by the addition of sodium of ])otassiuin, so «is to obtain 
double chlorides of magnesium and of the metal of llic alk«di, which 
are far more stable than the simple chlorides 

Oiganic matter is also liable to be earned ovei m distillation. 
It will therefore be «'ulvisable to clean tine retort thoroughl}^ Indbie 
commencing work, especially if in the piecodmg operation empyreu- 
matic substances have been distilled. 

If the water contains oiganic matter, distillation should cease 
when three-fourths of the amount has been cv,iporated. Also 
potassium permanganate may be added in the retort. 

By closely following these instructions distilled water is obtained 
that will be found .suitable for all ordinary purposes , but should 
water of an extreme degree of pureness be required for some special 
purpose, the operation must be carried out as follows : — 

A strongly acid solution of potassium permanganate mu.st be 
added to the water and the distillate must be redistilled with an 
admixture of aluminium sulphate. 

As a result of this treatment the distillate will be free from all 
trace of ammonia, of chloride and of organic matter. More often 
than not the distilled water used in manufacture has not been 
specially prepared, but consists of the water obtained by condensing 
the steam from the boilers that serve to drive machinery. 
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This water, which is equally a product of distillation, is liable to 
the same objections arising from mechanical agency which we have 
had occasion to notice in connection with distilled water properly 
so called ; that is to say, hydrochloric acid and ammonia are just as 
often found in it ^ 

It is important to bear in mind that preparations intended to 
counteract calcareous deposits are frequently introduced into steam 
boilers. 

These preparations, which are often bought of the manufacturer 
without any information as to their composition, occasion decom- 
position of one form or another, and the resultant matter is carried 
into the condensed vapour, so much so indeed that the distilled 
water is rendered unfit for manufacturing purposes 

Fatty matters are also frequently carried over. These arise 
from grease or oil accidentally dropped into the boiler or driven into 
it from about the lubricated parts of the engine, such as the cylinder, 
the slide-valve chest, and so forth Vegetable and animal grease 
and oils, characterised by saponifiable fatty acids, are particularly 
detrimental to water obtained by condensation This kind of 
water therefore should be carefully tested before use. 

Any fatty or saponifiable matter may, however, be eliminated 
by fixing its fatty acid with milk of lime 

For consumption on board ship sea water is passed through 
the still In former times a ship might be obliged to carry a 
-supply of drinking water equal to three months’ requirement, 
which of course was a heavy tax on the storage capacity of the 
vessel 

Nowadays a very limited supply of potable water is carried, as 
the vessel is fitted with special distilling apparatus. 

As a rule distillation is carried out on board ship by means of 
a special device, by which the steam from the boilers driving the 
engines is collected and condensed. 

In 1868 the Perroy distilling apparatus was adopted in the 
French navy In this arrangement the steam from the boilers 
passes through a series of tubes surrounded by a metal cold-water 
jacket. The steam is condensed, and the distilled water is collected 
in special receivers. 

Of course for a water to be potable it is necessary that it should 
be well aerated. To ensure this, the water, on passing into the 
apparatus, flows through a species of injector on the principle of 
the Giffard patent, the function of which is to inject air into the 
liquid. 

Sometimes the distilling apparatus on board ship consists of a 
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Still in which the heating power is supplied by the waste steam of 
the engines. Under these circumstances the water introduced into 
the retort to be distilled is sea water pure and simple. 

By this plan the carrying over of fatty matter is absolutely 
obviated ; bet the retort must be cleared of solid matter at regular 
and frequent intervals. 



CHAPTER III. 


SOLUBILITY OF CERTAIN SALTS IN WATER CONSIDERED FROM THE 
INDUSTRIAL POINT OF VIEW.— EFFECTS ON THE BOILING OF 

WATER 

I. Solubility of Certain Salts in Water. 

Analysis has established the fact that all water contains certain 
bodies in solution in greater or less quantity 

When water is boiled gases are liberated that may readily be 
identified. Among these are oxygen, nitrogen and carbonic acid. 

These gases are not all absorbed in the same way by the water, 
and it is found that the air in solution in water is, as a rule, richer 
in oxygen than the air of the atmosphere 

This peculiarity arises from the difference in the co-efficient of 
absorption of these gases for the water , or, more simply expressed, 
it depends entirely on their co-efficient of solution. Thus oxygen 
is far more readily dissolved by water than is nitrogen ; in other 
words, the co -efficient of solution of oxygen for water is greater 
than that of nitrogen 

On referring to the results obtained by Peligot, we find that 
analysis of a litre of fresh water yielded twenty-three cubic centi- 
metres of gas, made up as follows . — 


Nitrof^en 

68 o 

Oxygen 

32 0 

Cai borne acid 

2*4 

The laws governing the solution 

of gases have been clearly 


established by Henry and Dalton. 

The first of these laws refers solely to gases and liquids which 
do not react chemically on each other. 

First Law. — At a given temperature any liquid will always dis- 
solve the same volume of a gas ; whatever the atmospheric pressure 
of the gas, the volume dissolved is proportional to that pressure. 

Second Law. — When several gases are mixed together each is 
absorbed in the same manner as if it were by itself. 

From experiments verified by Bunsen, it follows that the co- 
efficient of absorption in the case of most gases varies with the 

( 21 ) 
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temperature. Hydrogen, however, has a co-efficient of solution 
' which remains constant at all temperatures. 

Taking K as the co-efficient of solutioti of a gas, that is to say, 
the volume of that gas dissolved by one litre of water at the atmo- 
'spheric pressure, and t as the corresponding temperature, we obtain 
the following relations a.s found by Hunsen for the subjoined 
gases : — 


Nitrogen 
Oxygen , . 
Cai borne acid 
Hydrogen . 


K 0*0203^6 ~ 0*00053887/ I o*ot)(K)i 1 156/.J 
K -=• 0*04115 - 0*001x907/ 1 0*000022577/55 
K ^ 1*7967 - 0*07761/ -H 0*001 672^1 /.j 
K 0*0193 


Another conclusion arrived at as a result of Hunsen’s experi- 
ments is that Dalton's law applies only in the [)resence of low 
pressure. 

The figures in the following table, from the calculatiotis made 
by Bunsen and C'anus, show that the co-cfficiont of solution of a 
gas diminishes in proportion as tlie temperature of tlu‘ water 
increascf? 


Tempera 

ture 

Ox>Kun 

Nilro^en 

Air. 

Carhomt 

Acid 

lIydr(>K‘*» 

Aininoluii 

0 

0*04 114 

0*020^5 

0 02471 

i* 79()7 

0 019 

H) !()•(> 

i 

0 0 1007 

0 01981 

0 02 |o6 

i 7^<»7 

»» 

1 0 *0*8 

2 

()*o-} 9()7 

0 019 {2 

002 MS 

I 6 |8i 



3 

0 o^8i() 

0 01 88 ( 

0 02287 

r 57«7 

» 1 

()()7 0 

4 

003717 

0 oi 80 

0 022 ^7 

I 512/) 

> » 

‘)f‘ 9 

S 

0 <i3f) 48 

0 0179 f 

0 02179 

J H 97 

*» 

917 9 

6 

0 0354.1 

0 01752 

0 02128 

1 ^Ooi 

11 

895-0 

7 

0*03^65 

0*017 1 ^ 

0*02080 

» 


87 i I 

8 

0*03389 

()*oi075 

0 02034 

i 2809 


852-1 

9 

0*03317 

001640 

0 01992 

l 

1) 

8^2 0 

10 

0 03250 

0*01607 

0*01953 

I-IK47 

>> 

812 8 

1 1 

0 03189 

0*01577 

0*01916 

1*1416 

M 

701-3 

12 


«'Oi549 

0 0x882 

1*1018 

tt 

77 <> 3 

13 

0*03082 

0*01523 

0*0185 X 

1*0653 

M 

759 6 

14 

0 03034 

0*01500 

0*01822 

i 0321 

*» 

74 r I 

15 

0*02989 

0*01478 

0*0x795 

1*0020 

»> 

727-2 

16 

0*02949 

0*01458 

0 01771 

1-9753 

1) 

711*8 

17 

0*029x4 

0*01441 

0*01750 

0*9519 

>» 

696*9 

18 

0*02884 

0*0x426 

0*0x732 

0*9319 


6S2* ^ 

19 

0*02858 

0*01413 

0*0 1 717 

0*9x50 

>> 

668*0 

20 

0 02838 

0*01403 

0*0x704 

0*9014 

»» 

651*0 


The question of the solubility of salts has an important bearing 
on the influence of water in industries. 

Salts such as calcium carbonate, magnesium carbonate, calcium 
sulphate and magnesium chloride, which are of frequent occurrence 
in water and show their presence by reactions peculiar to them^ 
require to be studied from the point of view of their solution. 

If, in considering the solubility of certain solids capable of 
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combining with water, we describe a curve to represent the solu- 
bility of these salts, with the abscissae representing the temperature 
and the ordinates the weight of salt dissolved per kilogramme of 
liquid, we have a figure that is concave towards the positive co- 
ordinates. 

In seeking to ascertain the solubility of salts at a temperature 
at which hydrates are incapable of existing, it follows from the ob- 
servations of M. Etard that the line of solubility of the salt is 
represented by a straight line, and its co-efficient of solubility 
is a linear function of the temperature, which increases with the 
temperature. 

This function is thus expressed . — 

K = -p bt^ 

K standing for the co-efficient of solubility 

According to Gay-Lussac, the co-efficient of solubility of solids 
is the weight of substance dissolved in 100 grammes of the solvent 
at a given temperature, when the solution is saturated at that 
temperature 

This definition, though faulty, is still accepted. It would be 
more rational to adopt Etard ’s definition, which gives the co-efficient 
of solubility of a solid in a liquid at a given temperature as the 
weight (calculated in grammes) of that solid dissolved in 100 
grammes of the solution when saturated at that temperature. 

Thus this co-efficient of solubility varies according to the tem- 
perature, and it nearly always increases with the temperature and 
in pioiiortion with its variations. 

The solution of solids is attended with certain external changes 
In the case of a solid being dissolved m water, as it assumes the 
liquid condition it absoibs a certain quantity of heat, and of course 
a fall takes place in the temperature of the solution. 

The reveise may be the case if the solid to be dissolved gives 
rise to chemical action in the liquid solvent, then a rise of tempera- 
ture occuis. 

The following may be said to be the laws that govern solution — 

First Law. — The quantity of a solid that is capable of being 
dissolved in a liquid is strictly limited, and is always the same at 
the same temperature 

Second Law. — A liquid saturated by the solution of one solid is 
capable of dissolving another. 

Third Law. — The solubility of a solid increases with the tempera- 
ture. 

This last law is not absolute, as there are many exceptions to it. 
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Calcium Carbonate, — Calcium carbonate is very readily soluble 
in water charged with carbonic acid. A solution saturated with 
carbonic acid will dissolve 070 gramme of carbonate of lime per 
litre at 0° C., and 0*88 gramme at 10° C. This power of solution 
increases with the temperature. 

It IS generally accepted that the carbonic acid of water and the 
neutral carbonate produce bicarbonate of lime, or an acid carbon- 
ate, which is readily soluble. Bineau recognises the solubility of 
calcium carbonate in presence of carbonic acid as the result of 
simple solution. 

If water containing calcium carbonate in solution is boiled, the 
whole of the neutral carbonate of calcium is not precipitated ; and 
we shall see, when we deal with analysis, that Houtron and Boudel 
did not lose sight of this point in formulating their h}’droti- 
metric system, and that they correct the results of their l(‘sls 
accordingly ^ 

Hofmann found that 0*034 gramme of calcium carbonalt'’ re- 
mained in solution per litre of water, while (Iruse fixc‘(l tlu‘ aincjunl 
at 0*036 gramme. This remaining carbonate of linu‘ is not pre- 
cipitated by lime-water, which goes to j>rove that it is unmistak.ibly 
neutral and is not dissolved by carbonic acid. 

It may be well to remember, with r<‘g«ird to the solubility ol 
carbonic acid in water, that it is far more iwadily soluble* in watcu 
containing calcium caibonate than in puic watei. 

Magnesium Carbonate.— Magnesium carbon. itc* is more* rtsidil}' 
soluble than calcium caibonate in i)ieseiKe ol cai borne «ici(l 

Meikcl has demonstnitod th.il the se.lubilil}' of inagiu*snun cai 
bonatc in water vaiies, like th.it of carbonic acid, ac'coiding to the 
temperature and not according to the pressure*. 

By varying the pressure on a water cliarged with carbonic aeiel 
he obtained the following results -- 

One part of Mg CO.^ is dis.soivcd — 

At L atmospheie in 761*0 paits ol watm chaij^ecl with CO.j. 


2 atmospheres in 744*0 



3 134*0 


»» 

4 M iTto *7 



5 „ 110*0 

>1 

„ 

6 „ 76*0 


»* 


Engel and J. Villc have ascertained that temperature has a 
marked influence on the solubility of magnesium carbonate in water 
charged with carbonic acid. 

In determining the solubility of neutral carbonate of magnesium 
at different pressures the following results were arrived at : — 
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Pressure 
in atmospheres. 

Temperature. 
Degrees C. 

Grammes of magnesium 
carbonate dissolved 
per litre of water 

I’O 

19*5 

25 8 

2*2 

19*5 

33*1 

3*2 

17-7 

37*3 

47 

19*0 

43*5 

5-6 

19-2 

46*2 

6-2 

19*2 

48*5 

7*5 

195 

51-2 

9*0 

i8*7 

56*6 


At 13*4° C. and ordinary pressure water charged with carbonic 
•gas would dissolve 28*45 grammes of neutral carbonate of magnesium 
per litre ; but at 90® C. the amount dissolved is only 2*4 grammes. 

Calcium Sulphate. — MM. Poggiale, Marignac and Lecoq de 
Boisbaudran have made numerous experiments with a view to 
determine the solubility of calcium sulphate m water, but the results 
they have obtained do not always correspond. 

According to Lecoq de Boisbaudran it takes 500 grammes of 
water at 12*5° C. to dissolve i gramme of anhydrous calcium sulphate, 
but he recognises in a general way that his results are too low, and 
those of M. Marignac too high. In his opinion the correct results 
would be somewhere between M. Mangnac’s and his own 

From the experiments of M Poggiale it would appear that the 
salt attains its maximum of solubility at 35° C, and that at 100° C 
its solubility is almost the same as at 5° C. 

The line of solubility of calcium sulphate would therefore be 
similar to that described by Gay-Lussac for sodium sulphate, and the 
curve would be formed of two lines having their point of retrogres- 
sion at 35° C, as IS the case with sodium sulphate, but the point 
‘Of retrogression of calcium sulphate is graphically less accentuated 


Solubility of Sulphate of Lime. 


mperature 

Solubility of anh>drous 
sulphate ol lime 

sgieeb C 

in grammes 

0 

0 205 

5 

0 2ig 

12 

0 233 

20 

0*241 

30 

0 249 

35 (maximum) 

0*254 

40 

0 252 

50 

0 251 

60 

0*248 

70 

0*244 

80 

0*239 

90 

0*231 

.xoo 

0*217 
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Marignac contends that the degree of solubility given by 
Poggialc at 20“ C. is opposed to the conclusions of every other 
analyst. He is of opinion, .speaking generally, that his results are 
too high, and that he must have been led astray by certain 
phenomena of supersaturation •which, at the time that he con- 
ducted his tests, were not as well understood as they are now. 

Like Poggiale, he was able to fix the ma.ximum of .solubility 
between 30" C. and 40" C. 

For one part of anhydrite (anhydrous sulphate of lime) there 
would be reejuired : — 


Degrees C. 
o . 
18 . 
24 . 
32 . 

• 

53 • 
72 . 

m . 

99 • 


PurtH (»< wtttrr 

488 

'170 

47‘> 

4<)8 

•171 

40S 

57* 


If boiling water containinj^ caleiiun sulphate in solution is 
earned to a high temperature, it is found that at 140 (', small 
and very hard crystals of that salt an* prt*cipitatt‘<l of tiu* Idnnula 
2CaS().,IIoO We will j)rcs(*ntly see the un])()rtant jMit tMlcunn 
sulphate plays in steam boilers. 

The solubility cjf calcium sulphate is inali*nally ,i(fe(te<I l)y 
other salts. Thus alkaline chlorides and uitratt‘s and magn(‘suun 
chloride increase the solubility of calcium sulphate*, and llu* more 
concentrated the liquid the greater the solubility. 

Of all the chlorides ammonia chloride is the oiu* that inereji.scs 
its solubility most ; nitrates, on the other hand, exerci.se a more 
powerful solvent action than chlorides, while sulphates do not 
increase the solubility of calcium sulphate at all. 

From the experiments made by M. Ilaver-Bne/.e it would 
appear that in order to dissolve one gramme of gypsum we 
require 


162 cubic centimetres of a saturated solution of 

147 19 IT II 

93 u »» IT 

94 19 IT IT 

92 ,9 9, ,9 

3^® 99 99 99 

54 99 99 99 


KCl at 8 - 0 ^ C. 
NaCl 9 , „ 

NH,C1 „ i 2 * 5 « „ 
KNO, „ tys” „ 
NaNO, „ H-s" „ 
NH 4 NO. „ 8 - 5 ® „ 
NH,N0, „ xys” „ 


Glycerine also adds greatly to the solubility of calcium sulphate^ 
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Asselin has ascertained that it will dissolve in the cold state one 
per cent of that sulphate. 

On the other hand, according to Church, the solubility of' calcium 
sulphate is reduced in the presence of carbonic acid. Sodium 
chloride would have the same effect. 

Lime. — It is important that we should consider the solubility of 
lime, for this oxide is constantly used in water purification, and not 
infrequently it is the residuum from different operations dependent 
on the use of water. 

Dalton discovered the fact that lime is far less soluble m hot 
than in cold water, and that its solubility is twice as great at o° C. 
as at loo'’ C. , while, on the other hand, calcium sulphate and 
sodium sulphate are far less soluble at o° C. than at 100 ° C. 

The following are the figures given by Dalton for the solubility 


of hme ; — 


Temperature 

Anhydrous hme dissolved 

in 100 parts of 

Degrees C. 

■water 

156 

100 



100 

54’4 

= 0 1002 

972 


100 

100 0 

1270 = 


Subsequent experiments by Richard Phillips led to similar 
conclusions, and this scientist ascribed the reduced solubility of lime 
occasioned by the rise of temperature to an increased molecular 
cohesion set up in the lime by the action of heat 

In the course of his investigations connected with saccharine 
juices Lam}' paid p«irticular attention to the subject of the solubility 
lime, and found that a multitude of circumstances affect it 
The following considerations are to be taken into account the 
nature and quality of the lime, the method of preparation, the 
temperature at which it was burnt, the degree of molecular cohesion, 
the degree of temperature to which the milk of lime was brought, 
the filtration of the milk of hme in order to obtain a clear solution, 
the recalcination of the calcium hydrate, and finally the contact 
action of the water with the lime 

These several points were all taken into consideration by Lamy 
in determining the conditions under which he carried out his experi* 
ments with lime obtained (i) from precipitated calcium carbonate, 
(2) from marble (carbonate of hme) ; and (3) from calcium hydrate. 

He found that 100 parts of solution contain in the form of 
anhydrous lime : — 
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Farts of CaO of pre- 
cipitated CaCOn" 

Parts of lime 

Parts of 

At degrees C. 



from marble. 

slaked lime. 

0 


. 

l-36a 

1*381 

1*430 

10 



1*311 

1*34 a 


15 • 



vjt77 

1*299 

I -348 

30 . 



. . 1*142 

ribi 

I'lgs 

^5 • 



. , 0*996 

1*005 

*•<>35 

60 . 



. . 0*884 

0*868 

0*885 

100 . 



. . 0*562 


0*584 


At 6o° C. calcium hydrate (crystals) has for formula Ca(C)I I)y ; so 
has also the product obtained by crystallisation at a low temperature. 

In preparing a reagent for lime in the purification of waUfr for 
industrial purposes the solubility of lime is generally t^stimated at 
from 1*25 gramme to t'30 gramme i)er litre. 

Calcium Chloride. — Calcium chloride is one of the salts most 
readily soluble in water. The proportion dissolved is large, and the 
operation is attended by a considerable fall of temperatiue, which 
makes it specially useful for the manufacture of refrigerating mi.Ktun's. 

On account of its hygroscopicity, calcium chloride is much ust‘d 
in laboratories as a drying agent ; 25 per cent, of watei is suflicienl 
to dissolve it. 

Unlike the crystalline salt, the solution of anh>'(lr()us calcium 
chloride in wat(*r produces a rise in lein|)erature. 

Hammcrl has fixed the degree of solubility of t.alcium (idoinh' 
at between - 22" (k and + 29*53" ^ from his iuvt*stig,alions 

it appears that 100 i).irts of saturated solution contain 


At degrees C, 

I'aits ol CaCl 

22 00 


O'Ol) 

lb 0> 

7 io 

i «77 

i V 80 

P'<>i 

nj '35 

12 50 

•*4 47 

4 vn 

2771 


29*53 



The formula of calcium chloride crystals is (!aCdo + 6II.X), and 
it is the form of hexagonal prisms terminating in pyramicls. On 
drying these in a vacuum a hydrate is obtained of the formula 
•CaCb + 211,0. 

By successive fusion and solidification of the hydrate CaCl, 
-H 6H,0 Hammerl obtained a hydrate of the formula CaCk, + 4I I.,C). 

Magnesium Chloride.-^Magnesium chloride is a deliquescent 
salt, and therefore very ready soluble in water. As a matter of 
fact water dissolves from 130 per cent, of it cold to 366 per cent, at 
hoiling-point. 

In the presence of alkaline chlorides it readily forms double 
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chlorides, such as sodium-magnesium chloride, potassium-magnesium 
chloride and ammonium-magnesium chloride. 

These double chlorides are far more stable than the simple 
magnesium chloride. A double chloride is found at Stassfurt, vis., 
the double chloride of magnesium and calcium, which forms tachy- 
drite in rounded deliquescent masses with the formula 2MgCl2CaCl2 
+ 12H2O. 

The double chloride of magnesium and ammonium forms ortho- 
rhombical crystals MgCl^NH^Cl + dHgO. It is isomorphous with 
Stassfurt carnalite, with the formula MgCI^KCl ; but the double salt 
of sodium crystallises only with 2H2O, yielding MgCl2NaCl + 2H20. 

When magnesium chloride is in .the presence of magnesium 
carbonate in solution in water, oxychloride of magnesium is produced, 
of the formula MgCl2+ ioMgO+ 18H2O, which crystallises in the 
form of microscopical needles. 

In taking the temperature at which anhydrous magnesium 
chloride, MgClo, is dissolved, J. Thomsen found it to be equivalent 
to 35,900 units of heat, and for hydrated magnesium chloride, 
MgCl^ + dH.^O, equal to 2,950 units of heat. In the case of 
anhydrous magnesium chloride, for one molecule of water ab- 
sorbed about -1- 5,495 units of heat are liberated 

This salt, magnesium chloride, is found in large quantities in 
sea water, varying with the locality of origin. Thus water from the 
Mediterranean is far more heavily charged with it than ocean water 

This peculiarity is readily detected by the marked bitter taste 
that distinguishes salt extracted from the saline marshes of the 
Meditcnanean, which is not found in salt derived from the ocean 

J^y concentrating a solution of magnesium chloiide colourless 
needles or extremel}^ deliquescent orthorhombical crystals are ob- 
t<uned, of the formiiLi MgCh + 61 TO. 

On heating these needles of hydrated magnesium chloride to 
106" C dissociation into hydrochloric acid takes place, and at 119" 
C fusion — 

MgCl 2 +H, 0 = MgO + 2HCl. 

Pelou/e suggested the manufacture of hydrochloric acid by 
simple calcination of magnesium chloride 

The dissociation of magnesium chloride into hydrochloric acid 
IS attended with injurious consequences in industrial operations, a 
striking instance being the corrosion of steam boilers. 

Water containing magnesium chloride in solution produces 
corrosion more or less extensive according to the quantity of that 
salt present. 

We have also had an opportunity of verifying this assertion 
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with water from the Mediterranean, which exerts a far more ener- 
getic corrosive action on iron than water taken frotn the ocean. 

It is important to note that magnesium chloride may be pro- 
duced, as the result of a double decomposition, if magnesium 
sulphate is in presence of other chlorides in water. 

Sodium Chloride. — Owing to the large ejuantity of sodium 
chloride in sea water the question of the solubility of this salt is of 
the utmost importance, and has to be taken into account in the use 
•of sea water on board steamers. 

Steam boilers fed with sea water require special precautions to 
avoid the accumulation of saline scale, which would soon impede 
the regular working of the machinery and otherwise injure it. I"or 
this reason a special extractive method of treatment is adopted, 
which will be fully considered later on. 

The solubility of sodium chloride varies little with changes of 
temperature. 

Gay-Lus.sac found that one part of the .salt was dissolved in 

a 78 parts oi water at t.|'' C. 

270 „ 60'’ „ 

2*4« Kxr?" M 

In making a cold solution Page and Keighlley found that at 
IS*" C. 100 parts of it contained 26 34 paits of salt, and on making 
.a hot .solution and then letting it cool again down to 15" (' the 
([uantity contained amounted to 2661 j>arts. 

Fuchs contends that sodium chloride is eiiually soluble in cold 
and in hot water, that, no matter what the teinpcTatiiri', 100 paits 
•of water will dissolve 37 parts of sodium ehloii(l(\ As for llu* 
conclusions ariived at by (biy-Lussac, the>' must, in his opinion, 
be erroneous, owing to the defective conditions uikUt which his 
experiments were conducted, in which he cannot have c()mplet<*ly 
•eliminated the magnesium chloride. 

Later on Poggialc resumed his tests of the solubility of .sodium 
•chloride, keeping in view the observations of I'^uchs and working 
with sodium chloride free from all trace of calcium chloride and of 
magnesium chloride, with the results that his conclusions approxi- 
mated to those of Gay-Lussac, thus proving J^'uchs’ criticism to 
have been ill-founded. 

Now Gay-Lussac found that 100 parts of water will dissolve: — 
35 *81 parts of sodmm chloride at is’Sq® C. 

35-88 „ „ 16*90° „ 

35*14 n If 59*93*^ If 

40*38 » „ 109*73° „ 

He also found that at zero the solubility was greater than at 
13*89“ C. 
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Poggiale’s figures for the solubility of anhydrous sodium chloride 


^re as follows : — 

Temperature. 

Solubility of anhydrous 
sodium chloride 

Degrees C. 

per cent 

-15 

32 73 

- 10 

33*49 

“ 5 

34*22 

0 

35*52 

5 

35*63 

9 

35 74 

14 

35 87 

25 

36*13 

40 

36 64 

50 

36 g8 

60 

37*25 

70 

37*88 

80 

38*22 

90 

38*87 

100 

39*61 

1097 

40*31 

The solution when saturated with 

this salt contains 26*4 per 

■cent, of It, and has a density of 1*2043. 

The density of the solution corresponding to the various quanti- 

ties per cent of sodium chloride at 15“ 

C. IS as follows — 

Quantity of salt 

Quantity of sodium 

per cent 

chloride at 15 degrees C 

1 

1*0072 

2 

I 0145 

3 

I 0217 

4 

1 0290 

5 

I 0362 

6 

I 0436 

7 

I 0511 

8 

I 0585 

9 

I 0659 

10 

I 0733 

1 1 

I 0810 

12 

I 0886 

'I3 

I 0962 


I 1038 

15 

I I115 

16 

I 1194 

17 

I 1270 

x8 

I 1352 

19 

1*1431 

20 

I 1511 

21 

I 1593 

22 

1*1675 

23 

1*1758 

24 

1*1840 

25 

1*1923 

26 

X 20 X 0 

26*4 

x*2043 (saturation) 
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In connection with the use of sea water, this table will serve for 
carrying out the “ extractive method,” the application of which is 
based on the density of the saline solution. 


3. h'-KFKCTS ON THE BoiUN<J OK WATER. 

When a liquid is heated to the degree reciuircd to produce vapour 
of the same tension as that of the li<iuid itself it begins to boil ; 
bubbles of vapour arc then formed in the interior of the Hejuid, 
they rise and burst on the surface. 

Any transformation of a liquid into vapour is called vaporisa- 
tion, evaporation being distinguished by the formation of sUs'un on 
the surface. 

The phenomena of ebullition are subject to certain laws. 

T. Throughout the j)enod of boding of a li([ui(l the ttunpt'rature 
is constant, and this degree of temi)erature is known as the boiling- 
point. 

2. The boiling temperature of a luiuid conesponds to that 
which must be reached in order that the luiuid ma)' throw off 
vapour having a i)rcssiire tuiual to the pressure on its suif.Ki'. 

3. The conversion of a lujuid into vapoiu is altt*n<lecl b> a 
certain absorption of he;it. 

If we consider tlie st*cond of these haws we pt‘itc‘ivc‘ ,it oiut' tlu* 
imj 3 ortant bearing that the pressuie on the surlace of a liciuul h.is 
on its ])oihng-point. 

If the pressuie on its sin face is increasc‘d tlu‘ boiling-jjoint 
of the liquid is raised, and all the more so the greater tlu‘ 
pressure. 

The Papin Kier, which consists of a metal cyliiultM closed 
by a screw lid in which is a safety v.alve, admits of watc*r being 
heated to the highest temperature without being brought to the 
boil. 

On opening the valve the steam escapes with a considerable 
pressure, and is utilised for the production of power in the steam 
engine. 

The dissolving property of water is markedly increased when it 
is kept liquid at temperatures above 100“ C. 

D’Arcet, by means of a kier, which is a modified form of that 
of Papin, has succeeded in converting the osseinc of bones into 
gelatine. 

Subjoined is a table showing the temperature of aqueous 
vapour for tensions of i to 50 atmospheres. 
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Elastic force 
in 

atmospheres 

Pressure in 
kilograms per 
square centi- 
metre 

Corresponding 
temperature. 
Degrees C 

Elastic force 
in 

atmospheres. 

Pressure in 
kilograms per 
square centi- 
metre 

Corresponding 
temperature 
Degrees C 

I 

1*033 

100 

13 

13*429 

193*7 


1*549 

II 2 2 

14 

14*462 

197*19 

2 

2 066 

I 2 I 4 

15 

15*495 

200 48 

24 

2*582 

128*8 

16 

16*528 

203 60 

3 

3*099 

135*1 

17 

17*561 

206 57 

34 

3*615 

140 6 

18 

18*594 

209*4 

4 

4*132 

145 4 

19 

19 627 

212*1 

44 

4*648 

149*06 

20 

20*660 

2147 

5 

5-165 

15308 

21 

21 693 

217 2 

54 

5 -681 

156 8 

22 

22*726 

2ig*6 

6 

6*198 

160*2 

23 

23 759 

221 9 

64 

6*714 

163*48 

24 

24*792 

224*2 

7 

7 231 

166*5 

25 

25*825 

226*3 

74 

7 747 

169 37 

30 

30 990 

236 2 

8 

8 264 

172*1 

35 

36 155 

244*85 

9 

9*297 

177 I 

40 

41*320 

252 55 

10 

10 330 

181 6 

45 

46 485 

259*52 

11 

12 

10*363 

12 396 

186*03 

190 

50 

51 650 

265*89 


The boiling-point of liquids is absolutely variable, according to 
the nature of the vessel used, and according to the substances they 
hold in solution 

With glass vessels the boiling-point of water rises from loi® to 
101*25° C , while with metal it is 100" C 

Gay-Lussac thought this phenomenon might be explained by 
the adhesion of the liquid to the walls of the vessel, which would 
then prevent it being converted into vapour. 

As the result of further experiments, Gay-Lussac proved beyond 
a doubt that in a glass utensil covered with a coating of shellac the 
boiling-point of water is reached at a lower temperature than in a 
metal vessel , also that if iron filings are placed in the latter the 
boiling temperature becomes normal. 

The gases contained in solution in water have a marked effect 
on Its boiling-point they promote ebullition 

A liquid that has already been boiled has lost the greater portion 
of the gases it held in solution On being reboiled, ebullition is 
only reached at a temperature considerably higher than at its first 
boiling. 

The vapour formed in the interior of the liquid is produced by 
the aid of the gas bubbles 

It follows that the presence of such bodies as coal, pumice-stone, 
sand or metal waste, promotes ebullition, since they always carr}* 
gas bubbles with them. 

The experiments conducted by Gernez enable us to demonstrate 
that the ebullition of a liquid is greatly promoted by the gases con- 

3 
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tained within it. This i.s done by introducing into a li(iuicl, the 
boiling of which ha.s been arre.sted, .some air by means of a small 
glas.s bell ■ the moment the bell come.s in contact with the liquitl it 
recommences to boil. 

Matter held in suspen-sion in a litiuid— .say in water— does not 
alter its boiling-point ; on the other hand, if the matter is contained 
in solution, the boiling-point of the water i.s retarded. Hut it does 
not follow tr priori that the vapour given off contains the matter 
dissolved. 

The greater the .saline concentration of the litiuid the longer is 
the ebullition retarded ; thus, in the ca.so of the salt of sea water, the 
boiling-point of the solution ri.ses in proportion with its .salinity. 


Boiling-point of— 

DegtecH C*. 

Pure water loo'o 

Water containing 5 pei cent, of Koclium chloride .... 101*5 

„ „ 10 „ „ „ . , . . !<>V‘> 

„ „ 15 .» » „ . . . . 104*6 

„ „ 20 „ „ . io(>*i 

11 It ^^5 It t» It • • 107*0 


Apart from the variation of the boilinj^j-poinl according to the 
degree of concentration, a liquid boils at diffcrenl toin|)(Matuivs 
according to the substances it contains in solution. 

The boiling-point of a saturated solution must bt‘ takt^n, vvlu^n llu* 
tempcratuie remains constant, while the piet'ipitalion of llu‘ sail is 
taking place; any indications basted on the Icanperatun^ wIkmi j)it‘ 
cipitation of the salt commences would lie misleading 

Experiments conducted by M. I. eg rand in conneelion with 
boiling of saturated saline .solutions have yielded interesting lesults 



Weight of Milt 

Itoililig p<*i>tt 


per looot watt r. 

Degier-i C 


.\VZ 

loS*.| 

. 

5<)*4 

1C)S' ^ 

. 


m's 


HS*9 

I 14*2 


6o*i 

104*.^ 


117*5 

X 17*8 



121*0 


a*() 

iHo*o 


362*0 

151*0 


48*5 

104*6 


205*0 

135*0 


112*6 

lt>6*6 

• 

6x*5 

104*2 


Name of huU 


Sodium chloride* 
Potassium chloride 
Calcium chloride 
Ammonium chloride 
Barium chloride 
Strontium chloride 
Sodium nitrate 
Ammonium nitrate 
Calcium nitrate 
Sodium carbonate 
Potassium carbonate 
Sodium phosphate 
Potassium chlorate 


A solution containing 30 per cent, of magnesium chloride boils 
at iis-d' C. 
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When different bodies less volatile than water are held in solu- 
tion in it, without reacting chemically on each other, the water 
evaporates and eventually, by concentration of the liquid mass, 
leaves a sediment consisting of the substances originally in a state 
of solution. 

These deposits are left by ordinary water on its being heated, 
for instance, in steam boilers, and we will now turn our attention to 
the various effects produced in boilers according to the nature of 
the water used. 
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EFFECTS OF WATER IN THE INDUBTRIEH— HIFFICTJLTIES. 

WrrH WATER— APPROPRLVrE REMEDIES. 

We will now proceed to a consideration of the various industrit^s 
in which water is largely used and consecpicully its effects arc; of* 
importance. 

At the same time that we study the effects resulting from the 
use of water we shall also determine tht; causes that product^ them, 
and ascertain the remedies to bt' applied apart from tlu‘ prelimiiiai)' 
general chemical purification, which will form the subjt'ct matter of 
the third part of this volume. 

In following out this plan we propose to considei oiu' by om* 
the different stages in each of tlu‘ several industries desalt with. 

The large number of accidcmts and the* inordinate* t'onsumption 
of fuel nec(‘ssitatc‘d by the use* of stc*am boileis in evt*ry branch of 
industiy im])el us to investigate* thoroughly tin* plu'noinemi «iiism;». 
from the use of the large; vaiicUy of waters to which (*vc*r)^ user of 
boilers is exposed It is a (piestion, therefore*, of vital mti*rc*sl to 
the boiler-user. 

We will thus have occasion to deal with watc'rs producing scale* 
(caibonate and sulphate waters), with watcirs causing e:oirosion oi 
both scale and corrosion (sea waU*r and deep wc*ll wat<*rs), <md with 
oily or fatty waters. 

The remedies to be applied will be discussed as we «UTive at 
them, rcincmbering the economical side of tlu; ([uestion on the basis 
of chemical reaction and calculating the amount of correction 
needed, and without losing sight of any .secondary reactions tliat 
may possibly occur. The preliminary subjecting of the water to 
the action of steam will also be fully considered. 

The important part played by water in dye, print and bleach 
works has induced us to devote a separate chapter to this branch of 
our subject in order to study thoroughly the phenomena arising 
from the presence of matter in solution in the water, as well as of 
the means by which the consequent inconveniences may be obviated. 

(36) 
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In the same way separate chapters will be allocated to the im- 
portant problem of the use of water in the manufacture and finishing 
of textile fabrics, in soap-works, in laundries and wash-houses, in 
tanning, and in the preparation of tanning and dye-wood extracts. 

A separate study of water will likewise be made in connection 
\vith paper-making So also with photography, the importance of 
which, as one of the industrial arts, is daily growing by reason of 
the many fresh uses to which it is being applied. This branch of 
industry is exposed to a multiplicity of troubles contingent on the 
character of the water used, but the causes whereof unfortunately 
but too frequently escape detection. We propose therefore to 
review the different preparations affected, such as the preparation 
of the emulsion, the developing of the negatives, the washing of the 
plates and also of the prints. Nor will the agricultural industries 
be overlooked, since the satisfactory working of the operations 
involved is largely dependent on the character of the water used. 

After discussing the water question in connection with sugar 
refining, we shall consider it m relation to the manufacture of ice 
and of beverages, a matter of prime interest as affecting health and 
public hygiene 

In cider making also, and more particularly m brewing, the 
quality of the product depends in great measure on that of the 
water We shall, therefoie, consider in detail the whole process of 
brewing, dealing with every salt fiequently met with in water. 
The presence of particular salt^ in the water is often at the root of 
the popularity enjoyed by certain beers m high repute On the 
other hand, the pernicious effects of certain waters and the troubles 
likely to ensue from their use will receive equally close attention, 
uith <i view to their avoidance 

In dealing with the water used in the distillery we shall extend 
-ijur investigations not only to the action of water in malting, but 
likewise to the more recent aseptic treatment with amylomyces and 
the mucor /3. 
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miw WATKR inm boilkhs . 

The huge daily consumption of feed water for boilers and the 
many troubles which its ciuality may cause make the subject ouv of 
the greatest importance. 

It is possible to ascertain the nature of a water 1 )}' analysing it, 
and thus data may be obtained which allow the harmful chects it 
may cause to be obviated. 

h'or use in steam generation waters ma}’ be elassitied as 

1. Scale-producing water. 

2. Corrosive or corrosive and scale-prodiu'ing wateis 

These will be considered under sepaiate lusulmgs. Wt* shall 
examine the effects })rofluced, consider the caust* and nature of the 
incrustations, and then proceed to study the eorrt'ctive measiucs t<> 
be adopted. 

The heavy expense, tlu‘ tioiibles and llu‘ numm'ous aMadt'nts 
which are tlu‘ consequence of scale in the hoika* h«iv(* led to tlu* 
invention of many })rocesses to obviate tlH‘ formation of incrusta- 
tion, but unfoitunatcly these processes iire far (rom being imiHcmI 
remedies. 

We shall class the proces.ses of the treatment of ft*cd water for 
boilers in three categories * — 

1. By the addition of substances to the water in the boilei 
acting {a) mefhanically, (d) chemically. 

2. By preliminary treatment with steam in special apparatus. 

3. By preliminary chemical treatment of the water 

The examination of the treatment of water in this chapter 
relates to the first two categories which apply more particularly to 
feed water for steam production. 

The third category applies not only to feed water for boilers but 
also to all the industries in which the water used must be first freed 
from harmful constituents without having recourse to steam. 

In. the third part of this work we shall consider specially the 
preliminary chemical treatment of water, and the apparatus in- 

(38) 
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tended for this purpose which tend to wider and wider employment 
by the manufacturing world. 

I. Scale-forming Waters — Incrustation in General. 

Certain phenomena affecting the solubility of salts arise from 
the physical influences, elevation of temperature, ebullition, vapori- 
sation, concentration and pressure, to which the water in the boiler 
is subjected. 

After a prolonged boiling a natural water throws down a de- 
posit in more or less abundance according to the nature of the water 

Water in its passage through the various geological strata meets 
with the mineral elements and becomes charged with them in pro- 
portion to their abundance and to the physical conditions under 
which it acts upon them 

Deposits form therefore according to the hydrotimetric number 
and according to the influences brought to bear on the solubility of 
the salts. 

These deposits are formed by the substances in solution in the 
water, and compounds of lime, magnesia, iron, etc., are obtained 
which vary in homogeneity, permanence and adherence according to 
the composition of the water. 

We find, therefore, in steam boilers — 

1 Skum, floating on the top of the water, drying after a time 
and turning into dust 

2 Saline agglomeration, soft to the touch and with a want of 
stability which causes it to be liable to decomposition, 

3 Hard and solid deposits adhering to the sides of the boiler. 

I'liese hard adhesive deposits are known as scale, and are 

formed mainly of salts of lime and magnesia, but have a very vari- 
able composition. 

Carbonate waters hold carbonate of lime in solution by reason 
of their excess of carbonic acid. When they are boiled this excess 
of carbonic-acid gas is driven off and the carbonate of lime, robbed 
of its solvent, deposits. This applies also to carbonate of mag- 
nesium In sulphate waters the temperature exerts a considerable 
influence on the sulphate of calcium in solution, at about 140° 
C. The sulphate is transformed into another with the formula 
2CaS04 -h HgO and this is deposited in crystals. With carbonate 
waters the deposits formed are amorphous and dust-like. With 
sulphate waters the deposits are hard, adherent and stratified. 
Usually the waters contain both salts of lime, the sulphate and 
the carbonate, and. of course the deposits contain both also. 
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From the point of view of analysis these incrustations vary 
widely. The variations depend not only on the composition of the 
water but also on physical influences such as temperature and 
pressure which affect the solubility and decomposition of the salts. 
Deposited on the sides of the boiler they are subjected to a very 
high temperature and this again tends to modify them. 

Nevertheless by the results of the hy<lrotimetric test the nature 
of the scale can be foreseen and an approximate idea of its forma- 
tion may be gathered. The carbonate of lime itself is fouiul almost 
integrally in the incrustation, but the other salts are more sul>jc*ei 
to variations in tlicir solubility, and this leads to differences between 
the contents of these salts in the water and in the incrustations 
formed by it. 

Not only does the scale vary in thickness, structure, composition, 

hardness and adherence in diHer- 
ent Ixiilcrs, or in the same boiler 
fed with diffcMViit waters, but it 
varies even in a boilt*r snpplitsi 
«ilways from tlu‘ s.im(‘ soune. 
'I'he deposit foiined lusut'st llie 
fire usually eontains mot<‘ t.u- 
bonatc‘4ind that faitliesl olfinorc' 
siilpliate II tlu‘ wal(‘r is luMted 
rapjdl)' tluMk'posit li'ndsto take* 
the form of slu<Ige. 

'riu‘ slu(lg(‘ dust Iik(‘ ( h'posits 
may nc)t ])e dangcMous, but nevtn - 
Vn,, 3.— Scale in a hoUci at ConKmaillcs theless liny m.i)' In't'oine vei}’ 
smum) JsiH'divlly in llu- 

case of a long boiler, may lead to dirferenccs of exiiansiou of the 
metal and cause breaks. 



Moreover the dust-like substances may becarrierl into tlu' wot Ic- 
ing parts of the machinery and cause Iroiihle, especially when the 
cylinders are lubricated with vegetable or animal fats with which 
the lime will combine to form very harmful compounds. In fact 
these calcareous combinations are often mixed with unsaponifial 
oils and greases which facilitate the overheating of the boiler-plates. 
Generally speaking the formation of these depo.sits should bo pre- 
vented, and later we shall consider the different treatments to which 
water can be subjected with this object in view. 

Three important considerations lead the manufacturer to guard 
against incrustations. To begin with they turn up the coal bill, a.s 
the scale is an extremely poor conductor of heat, the conductivity 
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varying with its composition. According to the experiments of 
Rogers the average conductivity of scale is that of iron. This 
bad quality leads therefore to an extravagant use of fuel in con- 
verting water into steam and also retards the process. 

To obtain an exact idea of the bad conductivity of scale we 
must first know exactly the composition of those experimented 
upon. It is not rare to see this bad conductivity represented by a 
waste of SO to 60 per cent, of fuel in the case of a scale only 6 to 
10 millimetres thick. Apart from this loss, when the boiler is scaled 
the operation is very difficult, especially in the case of sulphate 
waters. The scale must be cleared off with the aid of a hammer 



iMc, 4— Kxplosion ot Fig 5 —Explosion ot a 

vcitical boilei (front). vertical boilei (side) 


and chisel This necessitates skilled labour and is always attended 
by injury to the boiler-plates 

Sometimes, to assist the operation, the scale is drenched with 
water acidulated with hydrochloric acid, but this has to be done 
very cautiously in order to avoid corrosion of the boiler-plates. 
Finally, the scale deteriorates the boiler and leads to accidents 
The bad conductivity and want of homogeneity of the incrustation 
•expands the plates unequally, producing cracks and fissures, and 
starts the rivets, thus parting the plates. 

Sometimes even the plates are brought to red-heat, and thus 
^submitted to the action of the furnace on the one hand and to the 
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pressure of steam on the other ciuickly bulfje, cave in, burst and lead 
to terrible accidents. 

It often happens that a break in the scale causes explosions* 
The badly conductive scale causes the plates to be overhe^itecl, A 
part of it cracks and breaks away. The waJLcr comes in contact 
with the overheated metal, instantly resolves into huge volumes of 
steam, and in a few seconds the enormous i)rcssurc leads to an 
explosion. 

The crystalline incrustation of sulphates has the tendtmey to- 
detach itself from the sides as it forms by reason of the great ht‘at 
of the plates. It is then carried off by the steam and deposited 
at the bottom of the boiler in a heap, damaging tlu‘ boiUn* uiui 
preventing the regular production of steam. This heaj) ran he got 
nd of by providing the boiler with a miul-eock. 'I’lu'se ineruslations 
are especially harmful in (luick steaming !)oilers, tlu^ tubes ol which 



tf (%'Ntiirr 


(). -I''\pl<)sion (»l :i hon/<*ntal hoilri, 


arc (juickly chokt'd, and this, apai t fioin wcai and lie(jnentl>' 

leads to a stoppage of work. 


2. Treatment ok Scai.e-kormino Watkks nv 'iiik In'ikodiu - 

TION OV SUBSTANt'KS TO THE WATER IN THE H( ULEK. 

We will first consider the additions which act meehanicall}' and 
next those which have a chemical action on the substanct's in the 
water We can divide the chemical reagents into two ('alcgorics, 
organic and mineral. 

(a) Substances acting mechanically. 

Few of the agents introduced into the boiling water to prevent 
scale have a purely chemical action. If we seek for the causes of 
the action they exert wc often find that it is both physical and 
chemical, transforming the original substance contained in the water 
into another substance, modified in its composition, which acts in a 
totally different manner to the original substance. The transforma- 
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tions of the original substances must be noted in order to understand 
the action exercised. 

Purely mechanical action is based upon the introduction of 
inert substances into the boilers. These mingle with the particles 
of scale-forming matters and prevent them from forming a compact 
adherent mass. But if these additions, by the aid of the currents in 
the boiler, prevent the agglomeration of the particles of matter and 
are thus beneficial, they are the source of troubles outside the boiler. 

In this way the introduction of inert substances is harmful, as 
they are often carried by the steam into the working parts of the 
machine with a subsequent rapid wear and tear. Amongst the inert 
matters usually employed are clay, ground glass, zinc scraps and 
starchy matters. 

Clay, — The use of clay was suggested by Pelouze This addition 
exposes the boiler to the^risk of overheating, especially if the clay 
is not well steeped to begin with and added very gradually accord- 
ing to requirements If these precautions are taken the deposit of 
the clay in too large quantities is avoided. This is a fairly good scale 
preventer, but there is always a danger of the particles of clay finding 
their way into the working parts of the machinery, as we have already 
noted in speaking of inert matter in general. 

Zinc. — Zinc IS of special service in the case of corrosive water or 
water which is both corrosive and scale-forming It acts electro- 
mechanical ly, setting up an electric current ^in contact with the 
iron-plates of the boiler 

Other substances such as talc, chips of wood and starchy matters 
have been proposed 

Talc. — Aragon recommends the use of talc in the proportion 
of i\, the weight of earthy matters in the water , in other words a 
number of grammes of talc is added equal to the hydrotimetnc 
degrees found in testing the water The action of the talc is ex- 
plained by the general principle of the action of inert matters, but 
talc certainly exercises also a chemical action similar to that of the 
alkaline silicates which will be studied later 

Ground Glass. — Like talc and the silicates ground glass is dis- 
solved to some extent by the steam under pressure, and enters into 
chemical combination with the salts of the alkaline earths Ground 
glass, of course, has the drawback already mentioned as inherent 
to the inert matters. 

Fats, — The use of fats, alone or mixed with other bodies, has 
been proposed to prevent incrustation. This method has found the 
most favour in other countries, and its adoption has serious incon- 
veniences. When fat is put into the boiler a coat of grease spreads 



44 


INDUSTRIAL USKS OK VVATKK. 


over the interior between the water and the plates and* beinj*; a bad 
conductor of heat, leeicls to overheating and the danger of explosions. 
In Belgium it has long been the i)racticc to rub the interior of 
boilers with a mixture of tallow and plumbago. 

Thus is an old expedient, and Sil>bad in 1854 us<‘d a mixture 
•of equal, parts of tallow, graphite and wood charcoal for tin* same 
purpose. Some mechanics rub the interior of the* boiler twtTy month 
with a mixture of i part of tar and 5 parts of any kind of oil. 

Others put into the I)oilcr about 30 grammes of rosin pt‘r horse- 
power once a month. Whatever sort of fat is used it has tin* serious 
drawbacks we have noted above. Moury bran which is souu*tinuvs 
used leads to harmful deposit of calcined matters. 

Starchy Matters. -Starchy matters such as artichokes and 
potatoes aie often used by manufacturers. Their cdTuNu*)' dt'pemis 
111)011 their transfoimation into a substance which tuivelops the salts 
of the alkaline earths j)recipit<'ited from tlu* water. Hy the intm*- 
position of thus substance the particles of inenisting mattin* si a It* one 
over the other and are prevented from forming solid adluMvnt masses. 

'riiiis the potato fecula and diverse stan hy matters imdca tlu‘ 
influence of heat and pressure in the boiler fcu'in t yaiiodextriiu* 
and dextrine with the w.itei 

(('„1I,„(),,) 3// 1 n.,() n('„ir,,()„ 1 I,„( ), 

The proportion of potato or .irtiehokt‘ to l)i‘ iisisl is liom i litie 
to litres per hoi s<.‘-pow('i p<‘i month. At tluM^ndoj t*v<‘r>‘ inoni h 
the boiler should be eK.iinined and t ItNiiied. 

(/)) Sul)st<ui('es acting eluunic.illy * ~ 

1. OkdANIC MATTKKS. 

We have noted that ceilain substances, siu h as tlu* slaich)' 
bodies, outside their purely mechanical intervcaition arc* transf )imc*(l 
in combination with the water into cyanodcuxtriiu* and (l<*\trinc* 
which, in their turn, act mechanically. In addition to llu‘se bodic*s 
others, such as dye-wood extracts, have a chemical action whicli 
may be taken advantage of for the purpose, although so far the 
writers on the subject have not mentioned it. 

The tannins and tannic compounds in these woods set up 
•complex reactions often hardly understood in consccjUcnce of the 
variety of the tannins and the special conditions of pressure. I'he 
wood shavings employed, such as logwood, oak, fu.stic, Itgnum-vitte, 
mahogany and quercitron, act not only as preventatives of the 
agglomeration of the particles ofuncrusting matter but their extracts 
also form lakes with the salts of the alkaline earths. All the woods 
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we have noted above are efficacious in preventing scale, but they 
are specially useful in the case of waters containing the carbonate 
of the alkaline earths. With the waters containing sulphates the 
scale is more difficult to deal with. 

Various WoodSi — The colouring matter in the woods form lakes 
with the calcic salts and these are precipitated. Moreover, the 
tannins they contain, such as ’catechin, catechutannic acid and 
morintannic acid or maclurm, produce calcic compounds which will 
not agglomerate. Each wood then acts by virtue of its special 
tannins, thus fustic contains morintannic and moric acids which 
combine with the calcic salts in water, and in the case of cutch the 
reagent is catechutannic acid. 

Tannins. — Ordinary tannin or tannic acid, whether free or com- 
bined with an alkaline metal, is hydrated in the presence of water 
and IS converted into gallic acid, thus . — 

+ H,0 « 2 C,H ,03 

By prolonged boiling the gallic acid thus formed splits up into 
carbonic acid and pyrogallic acid — 

C,H, 0 , = CO, + Q,H, 0 ,. 

The introduction of ordinary tannin into the boiler brings about 
the precipitation of tannates, gallates, and hydrogallates of calcium 
and magnesium. When quercitron is boiled in water under pres- 
sure it IS converted into quercetin and isodulcite, a species of 
sugar — 

+ H,0 = + C„H, A- 

Another reaction takes place after a prolonged boiling of the 
qucicctin, which is then split up into phloroglucm and qucrcetic 
acid — 

+ 2H,() = 2C,h,a + c,,,h.,A + u. 

The reaction is aided by the alkalis, and they are often added 
to anti-scale mixtures without a knowledge of the way they act, but 
recognising that they do good. 

Wood Extracts. — Many products extracted from wood are on 
the market In the case of logwood a dose amounting from 500 to 
600 grammes per horse-power per month is sufficient for the water 
as a rule. In the case of the other woods the proportion is about 
the same, but it is a good thing to keep to the exact quantity deter- 
mined by practice as suitable for the particular water. Of the anti- 
scale preparations on the market Constant’s “ tartriphage ” is one 
of those which depend on the action of wood extracts. Its action 
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is complex, by reason of the large number of organic bodies it 
contains, and is both mechanical and chemical. 

To make it mix together : — 


50 

kiloH. oak-baik . 

. boiled in .)o litreH water. 

5 

„ cutch 


15 .» T* 

5 

„ lignum-vitai . 


»» *5 »i »» 

5 

„ logwood extract 

• »» 

11 II 

IO 

„ molaHses 

- »» 

II ■*** 11 II 

IO 

» strong glue . 


II 1*5 II >1 

Finally, lo litres of a soapy 

wa.sh of glycerine and margarine 


decoction are added. According to A. Mallet, in the case of a 5 
horse-power boiler i litre of tartriphage is used every eight clays. 

The use of extracts is much better than putting chips or rasj)ings 
into the boilers. There is less exposure to the risk of agglutinous 
masses forming at the bottom of the boiler and there calcining, 
leading to a great waste of fuel. After examining the cdfocts of 
wood extracts and considering their causes the author prepan‘d a 
product composed of organic matters only, and found that this 
method was an efficacious remedy. To prepare it, boil j kilo- 
grammes of oak sawdust for an hour at least in io litres of walca, 
then add 3 kilogrammes of molasses. A kilogramme of this jier 
horse-power per week is sufficient, and with some waters this <lose 
is sufficient for several weeks. 

Alkaline Tannates. -In the same ordcM' of things as tin* [)re('ed. 
ing another j)roduct is proposed, based on the solubilit>' of the 
alkaline tannates and the formation of comiioiinds of the alkaline^ 
earths, which will not adhere to the boiIer-pIaU^s. 'To pit^jiarc* tins 
make an extract of cutch. This will contain c:atechiit.innic: aeitl 
and catechin. Take 4 litres of water and boil Soo giainnu's of 
•cutch in it for twenty minutes, then decant and filter the* luiuid 
obtained. The filtrate must next be boiled for a few miiuilc*s, and 
.a weight of carbonate of soda added corresponding to 2ck) giamnu^s 
of anhydrous carbonate. Various acids arc formed, nibinic and 
japonic, and compound.s of tannic acids with the soda. After solu- 
tion, allow the mixture to cool 

A kilogramme of this per horse-power per week may be used 
with success and this dose may last longer with .some waters. 

Sugar. — The use of substances containing sugar in preventing 
scale depends on the increase of solubility of the lime. 

By this addition considerable quantities of the salts of lime are 
dissolved, the deposit is retarded, and when formed has no adhesive 
powers. Let us examine the chemical action. A monocalcic 
sucrate with the formula CiaHagOi^CaO, very soluble in water, is 
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formed. This may, moreover, be precipitated with alcohol and falls 
down in a white brittle mass. In the boilers the heat and pressure 
splits up the monocalcic sucrate and two other sucrates are produced, 
the sesquicalcic sucrate 2Ci2H2203i3CaO and the tricalcic sucrate 
‘Ci 2 H 220 in 3 CaO. This latter is less soluble in hot water than in cold 
water, consequently the water in the boiler in cooling redissolves it. 

In this method of preventing scale from 800 to 900 grammes 
‘of molasses per horse-power are used per month. The salts of 
lime are dissolved in such a quantity that a volume of water equal 
to that in the boiler can be evaporated several times, resulting in 
the formation under the influences of heat and pressure of glucate 
and apoglucate. A bronze powder consisting largely of ulmic acid 
is deposited and this is inflammable to some extent. 

If too large quantities of water are evaporated without the 
•addition of more molasses scale will then form. Fresh additions 
of molasses must therefore be made as required and the boiler 
should be cleaned once a month. 

Glycerine. — The use of glycerine recommended by Asselin and 
P. Videt depends upon the great solubility of the calcic salts in this 
agent. When the water by continued evaporation contains too 
great a quantity of calcic salts for the glycerine salts, the salts 
•of the alkaline earths instead of forming adhesive scale take a 
gelatinous form and will not adhere to the boiler-plates 

2 Mineral Substances. 

Not only the organic bodies increase the solubility of 'the salts 
of the alkaline earths, certain mineral substances, among others 
hyposulphite of soda and chloride of ammonium, greatly augment 
this solubility. Scale may be prevented not only by increasing the 
solubility of the incrusting salts but also by forming from them 
by double decomposition other salts with no adhesive properties 
■Certain salts may be used to this end, for instance carbonate of 
soda, chloride of barium, oxalate of sodium, the oxides of the alkalis 
.(soda and potash) and of the alkaline earths (lime and magnesia). 

We will review briefly the action of these salts in the boiler and 
shall return to some of them in considering the preliminary purifi- 
‘Cation of the water. 

Carbonate of Soda. — Sodium carbonate, first suggested by 
Kuhlmann, precipitates the calcium carbonate in solution in the 
water. Precipitated calcium carbonate and sesquicarbonate of 
sodium are obtained : — 

Ca(HC03)2 + 2Na2C03 =' Na4H2(C03)3 + CaCOg. 
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The sesquicarbonale is decomposed in its turn and gives bi- 
carbonate of sodium : — 

Na4Hj^(COy);{ » 2NaHCOy + Nuj^COy. 

When the water boils the bicarbonate in solution gives off a 
part of its carbonic acid and becomes the neutral carbonate of 
sodium. 

2 NaHCOy + NaXOy « 2Na,C()y H- II./) + CX).,. 

This final reaction shows that two molecules of neutral carbonate 
of sodium arc obtained which remain in .solution ready to recom- 
mence the cyclic reaction thus set up. If the water contains only 
carbonate of calcium in solution a minimum (juantity of c'arbonate 
of sodium is sufficient to precipitate considerable ciuantities of the 
carbonate of calcium. 

If however the water contains other salts, as it generally does, 
the sulphate and chloride of magnesium and the sulphate of mag- 
nesium, the .soluble sulphate of sodium is obtained and earhouate of 
calcium is precipitated : — 

(aSO, + Na./X)y CaCO., + Na.,S()j. 

The chloride of calcium also reacts with the. caihonatt' of sodium 
giving soluble chloride of .sotlium and carbonate of e<dciuni 

C:aCl. H- Na.XX)y 

The .sulphate of magnesium reacts in a siinilu \va) to siilphatt* 
of calcium : 

MgSO, + Na,('(), - MgC'Oy -f- Na-SOj 

As .shown in this ec[uation the magnesium sulphat* is ti, ms- 
formed into insoluble magnesium carbonate. 

It will be seen that the (pianlity of the sulpliaU's pn^sent affect 
the proportion of the reagent to be c‘inployed. more* sulphates 

present the greater quantity of carbonate of soda is netMli^d. Water 
as a rule contain.s hardly any .sulphate of calcium, and, putting aside 
excc])tions to the rule, about lOO grammes per hors(*-power iku* 
month of sodium carbonate is sufficient. If however the water 
contains sulphate of calcium an additional dose of about 78 grammes 
of carbonate of soda for each lOO grammes of sulpliate of calcium, 
calculated as anhydrite, contained in the water is necessary. 

Like sulphate of magne.sium chloride of magne.sium react.s with 
carbonate of soda and is precipitated as carbonate of magne.sium : — 

MgCl, + NaXOy » MgCOy + 2NaCl 

This reaction is useful as it transforms the chloride of magnesium^ 
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which is very unstable and highly corrosive, into a soluble salt It 
is advantageous to use carbonate of soda in just sufHcient quantities 
to precipitate the salts in the water in order to avoid corrosion 
of the boiler-plates. 

Alkaline Silicates. — Sodium silicate, which has been proposed 
as a scale preventative, is transformed in the presence of the carbon- 
ate of calcium in the water into silicate of calcium and falls down 
in a white gelatinous precipitate : — 

NagSiOg + Ca(HC 03)2 = CaSiOg + COg + HgO + NagCOg 

Carbonate of soda is thus obtained and is ready to set up the 
cycle of reactions which we have just described in the presence of a 
fresh quantity of a soluble salt, bicarbonate of calcium, and on the 
other hand the reactions with the other salts of calcium and mag- 
nesium are produced. 

We have still to consider the direct reactions between the silicate 
of sodium and the soluble salts, sulphate of calcium and sulphate 
of magnesium. The sulphate of calcium gives a precipitate of silicate 
of calcium and sulphate of sodium enters into solution — 

Na^SiOg + CaS04 = Na2S04 + CaSiOg. 

Sulphate of sodium enters into solution and silicate of magnesium 
is thrown down. With ordinary waters scale can be prevented by 
the addition of 600 grammes of silicate of sodium solution of 35° B. 
per horse-power per month It is evident that the more sulphate 
the water contains the more silicate of sodium will be required It 
is advantageous to calculate the necessary amount exactly accord- 
ing to the proportion of salts in the water. 

Caustic Soda and Potash. — The caustic alkalis are still used, but 
It is more difficult to piecipitate the calcium of carbonate with them 
than with carbonate of sodium, and their employment exposes the 
boiler-plates to the risk of corrosion if the precaution is not taken 
to introduce exactly the required quantity m small doses. When 
caustic soda is added the bicarbonate of calcium in solution in the 
water reacts with it as follow — 

CaCHCOg),, + 2NaOH - CaCOg + Na^COg + 2H ,0 

The carbonate of sodium thus obtained reacts in its turn upon 
the sulphates of the alkaline earths within a certain limit. When 
this limit is exceeded another reagent must be employed. 

Chloride of Barium. — In using chloride of barium the sulphate 
of calcium which forms a hard scale is transformed into sulphate of 
barium which has no incrusting properties : — 

CaS04 + BaClg - BaSO^ + CaClg. 

4 
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Soluble chloride of calcium is also obtained by the reaction. 

Sulphate of magnesium reacts in a similar manner to sulphate 
of calcium • — 

MgSO, + BaCl, « BaSO, + MgCl.. 

The formation of magnesium chloride however is harmful, as vve 
shall sec later on. Chloride of barium costs less thati caustic baryta 
(barium hydrate), but this latter is often used with calcareous waters. 

Barium Hydrate* — By using this reagent calcium carbonate is 
thrown down : — 

CaCHCO^), + Ba(()H), » CaCO, + BaCX)., + 211,0. 

The carbonate of barium obtained is not very soluble in watt*r, 
it in turn acts on the sulphates in the water and sulphate of barium 
is precipitated : — 

BaCO., + CaSO., = BaSO, 4- C'aC'O.,. 

This reaction takes place slowly as the earbonatt* of baruini acts 
with difficulty on the sulphate of calcium. Outside this second.ir)' 
reaction the barium hydrate may h?ivc a <lirc‘ct action on the sulphate 
of calcium and in this case sulphate ori)ariuni is precipitates I and 
lime is formed 

CaSO, + Ha(OII)., - Ba.SO, -}- ( a(OlI).,. 

The lime itself may react on the calcic bicarbonatt' in tlu^ walcn 
saturating one molecule of c^irhonic acid and pi(‘cipilating cai l)()ii,it(* 
of lime : — 

Ca(ir(X),), 4- Ca(OH), 2CaC'(), s 2 II.O. 

We may add that some manufacturers add a mixture oi ilu‘ 
hydrate and chloride of barium to the boiler wate*r. 

Chromates* — The use of alkaline chromates dt‘pends upon tlu* 
formation of chromates of calcium and of calcic salts .soluble m 
water. Thus with calcic bicarbonate in solution in the water vve 
obtain : — 

K,CrO, + CaCHCOJ, + CaCrO^ + K.,CX), + CO., 4- 

With calcium sulphate the following reactions occur : — 

K^CrO^ + CaSO, - CaCrO, 4- K,SO,. 

The chromate of calcium obtained : — 

CrOj/§\Ca + H,0 

may be used in pigment manufacture. 

By studying the molecular weights it is evident that it is more 
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advantageous to use the neutral chromates than the bichromates. 
With alkaline bichromates we obtain the following reaction : — 

K^Cr^O^ + CaCHCOs)^ = CaCr^O, + K,CO^ + CO^ + H^O. 

And with sulphate of calcium : — 

KgCrgO^ + CaSO^ = + KgSO^. 

In addition to the neutral chromates of calcium, carbonate and 
sulphate of potassium are formed and remain in solution. 

Alkaline Oxalates. — The alkaline oxalates are bodies that form 
insoluble salts with the calcic constituents of the water and therefore 
may be used in preventing scale 

They cause the following reaction : — 

KkOo 9 + CaCHCO^), + CaSO, = 2(Ca<(cOo) + + 

K^SO, + CO2 + HgO. 

According to this equation, two molecules of oxalate of potassium 
are expended in the production of one molecule of carbonate of 
potassium, which in its turn sets up the cycle of scale preventing 
reactions which we have noted in writing of the alkaline carbonates 

In spite of the secondary reactions, and the possibility of re- 
covering the alkaline oxalate by special treatment of the oxalate of 
calcium, the high price of the oxalates has always been against 
their employment, although an oxalate is the classic reagent in the 
laboratories 

Note. — All that we have said on the subject of the salts of sodium 
is applicable also to the salts of potassium, and vice vei^sa, 

3. Calculation of the Quantities of Reagents Neces- 
sary TO Prevent Scale with a Water of Known 
Composition 

There are many products on the market under a variety of 
names which are intended for use as scale preventatives Usually 
these preparations either only act incompletely in this manner or 
have to be used in very large proportions It is easy to understand 
from what we have already noted that the proportion of reagent to 
be used must be in proportion to the quantities of encrusting salts 
contained in the water, and that these reagents must vary according 
to the nature of the water. Therefore analytical knowledge of the 
water is necessary, and not even this is sufficient to deal thoroughly 
with scale. We must know in addition the composition of the scale 
preventative employed, and be able to use exactly the necessary 
quantity of it. 
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Unfortunately the scale prcventativcs on the market arc of 
unknown composition, and we arc conscciucntly without sufficient 
data to use them in the proix)rtions suitable to the particular water. 
In any case these products should not be used until after cT pre- 
liminary trial has been made of them to determine the limits of 
their efficacy and the conditions under which they must be used* 
In addition to these commercial products a larj^e number of sub- 
stances may be used in dealing with scale which act principally on 
the two salts of calcium, the carbonate and the sulphate, h'rom 
this point of view we will consider the carbonate waters first all, 
next the sulphate waters, and finally the waters containing both tin* 
carbonate and the sulphate of calcium in solution. 

To free a water from scale, mineral substanct's of well-determined 
composition may be used, such as the salts of the alkaliiu^ nu‘tals, 
the carbonates, silicates, oxalate.s, chromates, bichromates, and 
aliiminatcs of sodium and potassium, 'fhe oxides of the metals 
of the alkaline earths may also be used, such as the oxide of 
calcium, magnesium and barium, and also the chloride, aluminat(‘ 
and oxalate of barium. It is therefou‘ useful to know tin* (juanlit)' 
of each of these reagents which it is necessary to <‘mplo}* to free a 
water from scale, and this must be delenniiied to In^gm with !>)' 
hyclrotimetric analysis. 

Let us lake to commence with tlu‘ case of.i c'arhonatc* watei 
( U'if/rr. 

Let us consider the typical reaction in softt'inng a water with 
one of the oxides of the alkaline^ metals oi oi tin* alkalim* (*'ulhs, 
potassium, sodium, calcium, magnesium, and barium. Repu^sc'ntiiiji 
the alkaline metal or the alkaline earths by M we obt.un tlu‘ 
ccpiation : — 

CaCO,CO, + M"0 =: CaC'O, -f M"C:().,. 

M" represents a diatomic body. 

In this equation it will be seen that carbonate of caK'ium is 
formed and preciifitatcd by saturation of the carbonic acid in excess 
by means of the alkaline oxide or oxide of tlie alkaline earth, 'fhe 
determination of the molecular weights of the various mineral 
reagents, whether oxides or salts, will furnish the quantity of the 
reagent to be employed. 

With the aid of the table below the quantity of reagent to use 
with a carbonate water may be calculated by multiplying the 
corresponding number found in the table by the weight of the 
carbonate of calcium contained in the water. 
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Carbonate 

Oxalate. 

Oxide. 

Silicate 

Aluminate. Chromate 

Bichromate 

‘Sodium 

. I -06 

i‘34 

0*62 

I ’22 

6*6o 

1*625 

2*63 

Potassium 

1*38 

1-66 

0*94 

1*54 

6*92 

1*945 

2-95 

Magnesium 

— 

— 

0*40 

— 

— — 

— 

Calcium . 

. — 

— 

0*56 

— 

— — 

— 

Barium . 

— 


— 

— 

7*51 — 

— 


In practice, the dose of the reagent to be employed should be 
somewhat increased ; the numbers above represent the oxides and 
anhydrous salts. 


Sulphate Water. 

We will now suppose that the water to be softened contains not 
only carbonate of calcium but sulphate of calcium, and consider the 
steps to be taken under these conditions. Let us suppose to begin 
with we have used one of the substances indicated in the preceding 
table to deal with the carbonate of calcium. It only remains to us 
to free the water from the sulphate of calcium. 

The two cases will have to be taken into consideration according 
to the particular substance we have used to deal with the carbonate 
of calcium 

First Case. — The carbonate, silicate, aluminate and oxides of 
potassium or of sodium are the reagents already employed to deal 
with the carbonate of calcium Let us consider to begin with the 
typical reaction relative to carbonate of calcium which we have 
already formulated — 

CaCO.CO, + M"0 - CaCO^ + M^CO^ 

in solution soluble insoluble soluble 

We see that the precipitation of the carbonate of calcium causes the 
formation of a corresponding soluble carbonate with the formula 
M^COy, if we suppose that M is diatomic. This soluble car- 
bonate reacts in its turn on the sulphate of calcium contained in 
the water and brings about the precipitation of insoluble carbonate 
of calcium * — 

M"CO, + CaSO^ = M"SO, + CaCO, 

in solution soluble insoluble 

A certain relation must therefore be observed between the pro- 
portions of sulphate of calcium and of carbonate of calcium to effect 
completely the softening of the water. 

As a matter of fact by considering these two reactions we note 
that for each molecule of reagent used to deal with the calcic 
bicarbonate, a molecule of the corresponding soluble carbonate is 
formed, and that this in its turn precipitates one molecule of sulphate 
of calcium. According to this in proportion as the soluble carbonate 
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is formed there will be sulphate of calcium precipitated, and this 
entails a limit in the process of softening, and this limit is the 
relation of the molecular weights of the sulphate of calcium and 
of the carbonate of calcium, that is to say 


CaSO.t 

CaCOjj ' Too 


U3C. 


In writing previously on this subject, in the (uhne ( ivii an<l the 
Revue de Chiviie Industriellv, we have called this tlu‘ ** eo-efTicic^nt of 
incrustation'’. In softening a water with the reagents spt*eiru‘<i in 
the first case, we must establish the relation of the <iuantitu\s of 
sulphate of calcium and of carbonate of caleiutn cotitained in tlu‘ 
water determined by hydrotimetric analysis, and coinpart‘ this with 
the co-cfficicnt of incrustation 1*36. 

Two cases will ]3resent themselves : — 

(^^) Relation of the <|uantities (3f salts contained in the wates. 


CaSO, / 
C'aC'0,\ 




From the secondary reactions which wt‘ havtj examines 1, it is 
evident that in this case it is unnecessary to «i(ld fre^sh (luantitu^s of 
reagents. Wc simply calculate by the prea^ding lahh' tlu‘ <(iMntitu*s 
of reagents to ])e pul into the water in the* same way as foi eaihon,itt‘ 
of calcium alone. In practice, the dost* of tin* rt‘ag,t*nl p.ivcn In* tins 
calculation is sointnvhat increased. 

[b) Relation (jf the (iuantiti<‘s of s,dts contaiiuul in llu* uatei. 


(va.SO, 

CaC'O.,^ 


I 3O. 


In this case the sulphate of calcium is in t*xct‘ss. A pait (ail) 
of It will be prcci]3itatcd l)y the secondary rt*aetion, and tlu*r(*fou* 
the other part which still remains to lx* precipitated must bt* ascer- 
tained, in order to determine the (luantity of the uiagent to lu* 
added. The carbonates of potassium, sodium or magiu*sium or 
chloride of barium may be used as a reagent. The weight of the 
sulphate of calcium precipitated by the carlxmate of calcium formed 
in the secondary reaction must be calculated, and this is dont* by 
multiplying the weight of the carbonate of calcium contained in the 
water by 1*36. 

Represent by P the total weight of carbonate of calcium con- 
tained in the water. P multiplied by 1-36 will be the total quantity 
of sulphate of calcium precipitated. 

Therefore, if we now represent by tt the total weight of sulphate 
of calcium contained in this water, there .still remains a weight 
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TT - (P X I '36) of sulphate of calcium to be precipitated. This is 
effected with one of the reagents contained in the table below, and 
the amount is ascertained by multiplying the weight by the con- 
stant number found in this table corresponding to the reagent used. 

Carbonate of sodium . . 0*779 

„ „ potassium , . 1*001 

„ „ magnesium .... ... 0*617 

Chloride of barium 1*529 

If fju represents the multiplier found in the preceding table for the 
reagent employed, the weight of this reagent to be introduced into 
the water to deal with the sulphate of calcium will be given by the 
formula : — 

(tt ~ 1*36 P) 

Second Case. — The oxalate, chromate and bichromate of potas- 
sium and of sodium and the aluminate of barium are the reagents 
already used to deal with the carbonate of calcium. We have to 
soften a water containing in addition to the carbonate of calcium a 
considerable quantity of sulphate of calcium. When the reagents 
specified in this second case are used we have not to take secondary 
reactions into consideration. We add to the water a further quantity 
ot the reagent previously used to deal with the carbonate of calcium, 
ascertaining the amount to be employed by multiplying the weight 
of the sulphate of calcium contained in the water by the multiplier 
of the reagent as indicated in the table below. 


Oxalate of potassium 

I 220 

Oxalate of sodium 

0 985 

Neutral chromate of potassium 

I 430 

Neutral chi ornate of sodium 

I 194 

Bichi ornate of potassium 

2 169 

Bichromate of sodium 

I 933 

Aluminate ol barium 

5 521 


4 Arrangement in the Boiler of Special Scale Prevent- 
ing Devices, and Preliminary Treatment of the 
Water with Steam 

To remedy the troubles arising from deposited matter, boilers 
are often provided with special arrangements placed at properly 
chosen points which catch the matters in suspension in the water, 
or arising from the decomposition of the salts of the alkaline 
earths. 

In the parts of the boiler not exposed to the direct action of the 
fire*, the precipitated matter does not adhere. 
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Phenomenon of Decantation fry libullition. 

If water containing sand is boiled in a vessel, and a small capsuU; 
is lowered a few inches under the surface of the water, it will be 
noted that very shortly after the water is brought to the boil all the 
sand has passed into the capsule. 

The reason of this is that the water outside the capsule is 
violently agitated, and the currents circulate the partickts of sand, 
and keep them in suspension. These particles of sand are attracted 
by the zone of calm in the capsule and fall into it, as the lit|uid 
which it contains is not in a state of ebullition. 

Several devices are based upon this phenonumon. 

Schmitz Arrangement. —In the Schmitz arrangement, for in- 



Fkj 7. — Demonstiation ol clccmUa- 
tion by ebullitjon 



St hinil/’ App.uatus. 


stance, the arc of a thin cast-iron cylinder is mounted insule the 
boiler at a short distance from the side. 

This is placed in such a way that the distances from the suit's 
are unequal, and the passage on one side is narrowt'r than on tht' 
other. 

Dulac’s Deposit Collector. — In I)ulac*s boiler the calcareous 
deposits as they are heavier than water fall into collectors suital)ly 
arranged in the interior of the boiler. This is facilitated by the 
ascending and descending currents in the boiling liquid. The re- 
cipients are small cast-iron vessels of thin metal, open at the top, 
and easy to take out for clean.sing purposes. A hanging valve 
is fitted in the upper part of each collector in order to prevent 
the deposits from escaping, which might happen on prolonged 
boiling. 
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In tubular boilers the collectors are arranged in the upper 
‘Cylinder. In Fig. lo a a are the collectors, and b b the hanging 
valves. 



i 


IG. 9. — Dulac’s deposit collector in a boiler with interior furnace (transverse section). 


1 



Fig 10. — Dulac’s collector 
in a tubular boiler 
(transverse section). 



Fig II. — Tube in 
the Field boiler 
with Dulac’s 
collector 


TThis system has been applied to the tubes in the Field boilers. 
It is a sort of elongated collector, open at the top, and is inserted 


58 INDUSTRIAL USKS OK WATER. 

in the middle of the tube. An annular .space therefore is formed 
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Belleville Feed Water Purifier — The majority of boilers in [our 
national marine service are of the Belleville type, and are provided 
with an injector for the purpose of purifying the feed waters. The 
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multitubular generators. The calcareous salts arc then precipitated 
in the form of sludge, and fall into a sludge box from which they 
•can be easily removed. 

The hot water leaves the collector H K by a pipe 4 which reaches 
half-way up the injector C. This injector is a single chamber in 
which the agitation is very little* and whore consotpiontly the 
•deposits arc collected, and can be run off by the pipe at 

The Belleville boilers arc not only the most advantageous 
because they allow the volume of water to bt* reduced and coti- 
scquently avoid the danger of explosion, hut also because of this 
arrangement by which the feed water is purifu^d before it enters 
the boiler. 

KxiKsrimcnts made with a Belleville injector hava* given the 
following results : — 


CompoHition of the water per litre 

Nnttirul 

water 

Wttlff 

trfatmc*nt. 

aalts 



(irarttuifH 

I’l urfttit|.!r 

Carbonate of hnie 




Sulphate of lime 


O’OI \ 


Magnesia 

0*0 I ^ 




o'OjS 




It will ho seen by this table that the injector c*luninaU‘s pei 
cent, of the sulphate of calcium, and this must be looked upon as a 
highly satisfactory result 

Arrangement of the Naeyer Boiler. -In ihi‘ Naeytn- boilers the 
feed water is forced directly through the uuient of steam which 
leaves the ui)per collecting tube (\ 'fhe greater part of the salts 
contained in the water arc thus almost immediatc^ly pie('ij)italed. 
The calcareous dci) 0 .sits are collected in the form of sliide/^ in th(‘ 
mud drum D 1), and the water runs into the ferd lank B from an 
•overflow in the mud drum. 

Arrangement of the Montupet Boiler.- -The Montupet multi- 
tubular boiler consists cs.sentially, first, of a system of lubes inclined 
from the front to the back ; second, of collecting tubes of forged iron 
by which the tubes are connected in front and at the back ; third, 
of a water and steam reservoir at the top communicating with the 
front collectors ; fourth, of a mud drum communicating with the 
back collectors. 

The Montupet boiler is fed from the front of the upf^er reservoir 
at the level of the water. The water i.s preferably fed into the steam, 
and in this way it reaches two large return pipes at a temperature 
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higher than 165° C. The encrusting salts, sulphates and carbonates 
of the alkaline earths, are precipitated, and then carried into circu- 
lation by the currents in the boiler, and are deposited in the mud 
drum at the back. In this decanting tank there is on each side a 
cast-iron compartment in the form of a V reversed, in which the 
deposits settle. Between this arrangement and the decanting tank 



A B^oise & Courtier 


Fig. 15 — Naeyer boiler 

an empty space of twenty millimetres allows the deposits to run 
to the bottom of the tank. These deposits are carried towards the 
axis of the decanting tank, where they come in contact] with a 
tube the length of the tank, and with an opening in the lower 
part. This tube has a sludge cock, by which the deposits can be 
evacuated. 
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Arrangement of the Collet Boiler. — In the Collet boiler the 
water also precipitates a part of its salts in {xissing through the 
steam box, where of course it is also heated. I'he precipitated 
sludge accumulates in a pocket widely ojjened in front, wliich forms 
the lower part of the collector where the circulation is the least 
.active. 



Fig. i6. — Naeyerboilei (side elevation). 


Arrangements of the Serpollet Boiler. —The wScrpollct boiler i.s 
formed of a flattened circular coil of copper, soft steel or bra.ss. 
Steam is raised very quickly and the speed of the current i.s so 
-great that the precipitated matters cannot remain in the steam coil. 
Nevertheless an injector is provided by means of which the current 
can be reversed, and the coil completely flushed, 

We cannot pass on without noticing the boilers of Weyher and 
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Richemond of Pantin, which have special arrangements for soften- 
ing the feed water, and have met with some success. 



L caartuT pjj, jg — Weyher and Richemond boiler 


Fig. 18. — Serpollet boiler (vertical section). (transverse section). 

Figs. 19 and 20 are longitudinal and transverse sections of this 
ttype of boiler with removable furnace. 
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Finally wc must mention the Babcock and Wilcox boiler.s, which 
we show in fig's. 2 1 and 22 . 



Fig 40 — Weyher and Richemond boilei (loiiji^iludinal section). 

As WC aic not able to afford the space to describe all tlu‘ special 
arrangements for softening feed waters, we l)avt‘ noted the pnncipal 



Fig. 21. — Babcock and Wilcox boiler (in perspective). 


types, which appear to us to be the most interesting, We shall 
now proceed to describe several arrangements for the preliminary 
treatment of water with steam. 
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Buron’s System of Purifying Water with Waste Steam. — 
Buron’s apparatus precipitates the carbonates of the alkaline earths 
in the water and at the same time heats it. It may therefore be 
used advantageously to deal with feed water for boilers. In this 
apparatus shown in fig 23, the waste steam is led in by a vertical 
pipe A in which there is a grease trap as at F. The steam leaves 
its oil and condensed water in the trap and they are run off by 
means of a syphon communicating with the lower part of the grease 
trap. 

Then the steam passes into a collecting pipe provided with a 
number of tubes K K, which penetrates slightly under the surface 



Fig. 22, — Arrangement of tubes in the Babcock and Wilcox boiler 

of the water. The water is thus heated and constantly kept m 
agitation by the steam The excess steam escapes by the tube 
B. The cold water runs in at C into a funnel from a ball-cock 
regulated by the float G in the tank of water under treatment. 
This float follows the variations of the level of the water, and 
consequently the cold water is let in according to necessities. 

The cold water pouring into the funnel C runs into a perforated 
trough, which admits it into the interior of the tank in fine jets, 
which run through the steam leaving the tubes K. The water is 
thus heated easily, and is freed from the salts of the alkaline earths, 
which are precipitated. The purified water ready for delivery to 
the boiler is heated to about the boiling-point. The sludge is 

S 
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evacuated by the .sludge-cock 1C, and moreover there i.s a manhole 
in the upper part of the apparatu.s allowing it to be completely 
cleaned out. In the ciise of a water containing also .sulphate of 
calcium, a small tank L is mounted, in which the sulphate is pre- 
cipitated by mean.s of carbonate of sodium. 

Chevalet's Heater and Softener. —lly using this apparatus the 
feed water can be brought to about the boiling-point. 

Calcareous water, such as that of the Seine, can be easily treated. 
The hydrotimetric degree, i8", is reduced to about 5", an<l if it is 
necessary to still further lower it, this can be done by adding a 
little carbonate of soda to the water. 



‘jS-j -Uuion’s solUMU‘1 


Chevalet’s apparatus i.s a scries of ItUiLs mounted one on the 
top of the other, over a cold-wutei reservoir A, in which the* 
deposit is collected. In work, the water runs in throuj^h a ball 
cock regulated by a float 11, which follows the level of hot water 
in the reservoir A. 

The water first enters the top cotnparttnent through a funnel K, 
at the top of the apparatu.s, and finds its level in the first tank 
From there it runs off by an overflow Dj into a second tank 
which it partly fills and runs off by its overflow into the third 
tank Bg, and so on. On leaving the last tank the water finally 
runs into the hot-water reservoir A. During its downward course, 
the water has met an ascending current of waste steam. This 



Fig 24. — Chevalet’s heater and softener. 


condensed water, and then continuing its course passes by the 
central tube T,, under the cap E^. and bubbles through the water 
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in the tank B;.,. From there it passes by the central tube, under 
the upper cap of the tank F, and so on. 

Finally, the steam reaches the tank Bj at the top, and if it is in 
excess, it escapes into the open air by the tube N. In its upward 
course the steam bubbles through the water in each of the super- 
imposed tanks, and it condenses, bringing the water to the boil. 
The tanks are so mounted that the whole apparatus can easily be 
taken to pieces and cleaned. 

Dum6ry^s Injectoti — The action of this apparatus depends 
upon the fact that water brought to the boil keeps the solid particles, 
in suspension towards the upper portion of the boiling li(iuid. 



Fig. 25.' — Dumdry’s injector 



Kui. 26. Schau’s iippuiiituH. 


These solid particles arising from the decomposition of the 
calcareous salt remain long enough in suspension before depositing 
to allow them to be collected in an apparatus adjoining the boiler, 
such as Dum<:‘ry\s apparatus. This consists of a metallic box with 
several interior compartments arranged to retain the solid bodies. 
In the tubular boilers, for instance, the apparatus is mounted between 
the boiler and the tubes, and the top of the injector communicale.s 
as at T' with a tube leading into the upper part of the boiler, where 
the matters remain in suspension. 

These matters are led by this tube into the apparatus, and by 
the prolonged circulation deposit their solids in the compartments. 
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The water thus softened leaves the apparatus by the pipe T, 
which feeds it into the boiler. 

Schau’s Apparatus! — This arrangement is based on the pre- 
cipitation by heat of the calcareous salts contained in the water. 

The water is forced into a dome, in which it falls in a fine ram 
on grids mounted inversely one to the other and arranged at 
different heights. 

The apparatus communicates with the boiler, the waste steam 



Fio 27. — Montupet’s condenser 


from which heats the water and precipitates the calcareous salts 
which are deposited at the bottom of the dome The water thus 
treated is fed into the boiler by an overflow pipe 

Montupet’s Condenser. — Montupet’s condenser allows the whole 
or part of the steam of any engine to be condensed, in order to 
purify the feed water and bring it up to about boiling-point. This 
extremely simple and practical apparatus consists of a cast-iron 
hot-water reservoir G, provided with a manhole L and a bolted 
cover. 

An escape pipe S fixed on the cover is perforated at the bottom 
part, and on this is mounted a small rectangular tank of cast iron. 
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At one side of this box the water-pipe II is let in» which terminates 
in a rose, and has a ball cock G, regulated by a float h\ which 
follows the level of the hot water in the reservoir G, A grease 
trap of coke B mounted on the side of the reservoir (' is provided 
with a perforated plate through which the waste steam is let in, a 
tap at its lower part to run off the greasy condensed water, and at 
the top is a plug hole for cleaning purposes. 

The steam is first of all freed from its grease by the coke, atid 
enters the top of the rc.servoir C', wheie it commences to heat the 
water. It escapes through the perforations in the bottom of the 
pipe S, and ascending in this pipe it meets the water coming down 
in a fine rain. By this means it is heated to the boiling-point, and 
the carbonate of lime is precipitated, and falls down to the bottom 
of the reservoir G, from which it is cleared out through tlic manhole 
L. The water thus freed from carbonate of lime runs off b)' tlu‘ 
overflow O, and is fed into the boilers. 

Lencauchez’ Apparatus. — This apparatus consists first oi a 
grease trap, in which the waste steam from the engines is freed 
from grca.sy mattens and the condensed water which it m.iy bung 
with it After this treatment the steam flows into a metallu* cylinder, 
in which the feed water is purified. 'Vho water to he ticattvl is in a 
reservoir at a higher level, and leaving this by an overflow pipe it 
runs into the lop of the cylinder, where it meets a series o( tones 
which convert it into a thin stream 'I’hese coins ait‘ so auanj'cd 
that the base of one faces the base of the uc\l, and so on, so that 
the water is first led towards the sides of llu^ tylindm and nt‘\i 
towards the centre. The water is thus (livi<lt‘d into a huge number 
of thread-like streams, and these in their downw.ird eourst* iiK‘ei 
the ascending current of steam, which has an iiiveise mo\emeiit 
to that of the watei, and the steam is lluis condensed 'The water 
being thus brought up to a temperature boideiing on hoilmg-poiut, 
gives up its carbonic acid and the carbonate of lime is precipitated. 

After being decanted in the lowei reservem, the water is frcc‘d 
from its matters in suspension by being forced uj)wards through a 
filtering bed of fine gravel. The water runs off at the top of the 
filter at the height of two to three metros above the feeding pumps, 
so that it is delivered to them under pressure. 

To use live steam m the Lencauchez apparatus it must first be 
passed through an exhauster. In this case the salts of the alkaline 
earths are precipitated to a larger extent, as the temperature reaches 
about 120° C. 

To free the water to a satisfactory extent from sulphate of lime 
a little carbonate of soda should be added when cither waste steam 



Pig. 28 — Lencauchez’ apparatus (plan and section) 

the tap in the lower part of the reservoir is opened, and as the water 
is under pressure, it is forced out, carrying the solid matters with it. 
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PB||Howatson’s Softener, — The .'lun of this apimratus is to brin|» 
about the deposit of the carbonates of the alkaline earths before 
passing the water into the boilers. 

Howatson’s apparatus is a cylindrical reservoir, with fjlates 
arranged in stages. The water runs in by a ball cock, regulated by 
ajfloat, as shown in the figure. 

This water fills a small tank in the up[)er part of the apparatus, 
and overflows in a fine stream over the first plate, from whence it 
falls on to the next and so on. 



Ki<i 2CJ. -Howatson’s appaiatus. 


In itS) course it is acted upon by an ascending current of steam, 
and as the water is in a fine stream it is brought immediately to 
the boiling-point, and freed entirely from the carbonates, which are 
deposited on the plates. After this treatment, the water falls into 
the bottom of the tank, ready to be fed to the boilers. 

Below the opening where the steam enters is a tap by which the 
greasy water can be drawn off. An escape for the steam is arranged 
at the top of the apparatus, and a mud-hole and a sludge cock are 
provided to clean out the deposits. 
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S. Scaling Boilers after Complete Cooling. 

The texture, form and hardness of the scale closely depends 
•upon the physical and chemical conditions. The observation of 
-certain phenomena suggests methods by which the quantity of the 
•deposits can be notably diminished and their nature improved 
Experience has shown that the physical phenomena of the cooling 
•of water in steam boilers has great influence on the deposit and 
the hardness of the scale. 

On this subject Savreux and Schmidt have made some interest- 
ing communications to the Congr^s des Ingdnieurs en chef des 
Associations de Propri^taires d'Appareils i Vapeur, and to the 
Soci6t6 d’Encouragement pour ITndustrie Nationale. 

The process of clearing out the boilers, after cooling off, depends 
‘Upon what has been noted after a complete cooling of the boiler, 
which takes about eight days to effect • — 

1. The greater part of the sludge can be flushed out 

2. The deposits remaining adhere only slightly to the boiler- 
plates. 

What has to be done, therefore, is to allow the water in the 
boiler to cool gradually, and then to rake out the sludge before 
it can harden. 

At the Montieres works, Savreux proved that this method gave 
-excellent results, but, unfortunately, its adoption necessitates two 
conditions : — 

I The possibility of emptying out without pressure. 

2. The possibility of doing without the boiler for a week while it 
cools. 

The first of these conditions is absolutely necessary, and is only 
difficult to realise in the case of sunken boilers. As for the second 
•condition, it of course depends upon the arrangements that can be 
made to dispense with the use of the boiler for the required time. 

Dubois, in a note to the Amiens Linen Society, remarked that 
.the deposits are dealt with less easily a quarter of an hour after the 
water is run out of the boiler Half an hour after this has been 
done the deposit becomes hard and adheres to the plate. When 
.the boilers can be emptied without pressure, and there is a boiler 
in reserve, it is possible to prevent the deposits from adhering, and 
thus to avoid scale from river and well water in any description of 
boiler. To do this, after complete cooling, the boiler is emptied 
.and every part of it cleaned as soon as possible after the water is 
jrun off. 
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Secondary operations may be practised, such as renewing the 
water to hasten the cooling, washing with a spurt pipe in the case 
of tubular boilers, and, finally, the immediate raking of the still 
damp deposits. 

All these operations tend to facilitate the process. 

6. COKKOSIVK AND I NURUSTO-CORKOSI VK WaTKRS, 
Corrosions in General Cansed by IValer. 

As a rule natural waters are corrosive, hut to a greater or less 
degree. The carbonic gas and the oxygen which they hold in 
solution arc cajiablc of very api)rcciable corrosive action, even 
when the waters do not contain salts. When the water contains 
salts or acids the corrosive effect of these bodies joins in the attack 
with the carbonic-acid gas and oxygen. 

Polished iron or steel does not rust in pure water, and the 
presence of carbonic-acid gas or a similar body seems to be necessary 
to exert an oxidi.sing effect upon it. 

In the ordinary formation of rust, ferrous carbonate would seem 
to form to begin with, to the <letriment of the non. Then this dis- 
solves in water and forms ferrous bicaibonate with tlu‘ caibonic 
acid of the water. This under the influence of tlu‘ aii and walei is 
transformed into magnetic oxide, and finally into the h)'dialt‘ of 
the se.s(iuioxidc of iron 

When water attacks iron, diverse compounds of thi* conosive 
principles with the metal itself lesult to the detiimtmt ol tlu‘ iron 

Moreover, as a rule, the corrosive power ol water shows that this 
water has loaded it.self with minerals from the strata through which 
it has pa.s.sed, and con.setiuently will deposit them, when concen- 
trated, in the boiler. These deposits are frecpiently ol a very en- 
cru.sting nature, as, for instance, sulphate of calcium, which is met 
with m sea water and deep well water. The deep well waters arcs 
charged with this sulphate of calcium by first taking into solution 
the carbonate of lime in the strata througli which they have pa.ssed, 
and the sub.sequent transformation of this into sulphate, the sulphuric 
acid being obtained by the oxidation of pyrites in the pre.scnce of 
water. 

Deep well water and sea water, then, may be the cause both 
of corrosion and of scale, and have hence been termed encrusto- 
corrosive in an article written by the author, and published in the 
Gifnie Civil. The boiler user too often forgets to take into con- 
sideration the necessity in dealing with the water of guarding against 
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these two sources of mischief, and to seek for a remedy which, so 
to speak, will kill the two birds with one stone. 

As regards corrosion generally, iron seems more capable of 
resisting attack than steel, and in the same order of things poor 
quality iron does not rust as quickly as iron of better quality. The 
resistance to attack is greater in proportion to the amount of 
phosphorus the iron contains, and there is always a good deal 
of it in poor quality iron. 

Iron alloys vary in their resistance to rust. Manganese seems 
to hasten it, whereas nickel, chromium and cobalt appear on the 
other hand to retard the attack. 

In steam boilers two sorts of corrosions are noted : — 

1. Exterior corrosions, produced by atmospheric agency. 
These are outside our subject. 

2. Interior corrosions, due to 
feeding the boiler with more or less 
corrosive water, which attacks the 
boiler-plates under the influence of 
heat and pressure 

As a rule, the corrosion is 
localised, sometimes however it is 
general. The same water, used in 
boilers of different types, may very 
well corrode the one without at- 
tacking the other, or the corrosions 
may occur m different parts of the 
boilers 

If the boilers are of the same 
tyi^e, and worked in the same 
manner, with the same water, the 
corrosions in the one will be re- 30 -General corrosion 

produced in the same manner and in the same places. According 
to the nature and quantity of the matters in solution in the water, 
the corrosion will be more or less intense and take a particular 
form 

In a boiler the attack may be made in three ways, and give rise 
to three sorts of corrosion. 

{a) Fittings. — In this case, the plates are pitted in different 
parts. Small round cavities form, filled with a black powder 
mainly consisting of oxide of iron, but also containing the salts 
originally in the water. These 'cavities increase in size, and especi- 
ally in depth, and are covered with a sort of cap of oxide of iron. 

{b) Corrosion over a Large Surface. — The plates are sometimes 
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attacked over a large surface, and arc usually covered with a sedi- 
mentary deposit, showing no trace of acidity. 

(c) Corrosion Aided by Mechanical Action. -By reason of 
different pressures on different parts of the boiler, the plates bulge 
and part, and as the water leaks this aids corrosion at these 


parts. 

In addition to chemical action the corrosioti is aided by certain 
physical influences. The parts of the boiler most subject to corrosion 
are the plates directly over the fire, and these usuall}' corrode over 
a large surface. As for the plates in the coldest part of the I)oilt‘r, 
they arc usually pitted locally. These isolated pittings are met 
with in boiler-plates where the water is or has been at n\st, and 
where ebullition i.s not produced. It must he noted that sometimes 
if the pittings are loo close to each other the plates are so weal<eiu‘d 
that an explosion rc.sults. 

In testing the substance which fills the pittings, in addition to 
•oxides of iron, other salts, and in particular carbonates, will be 


found. 

From this, arguing that the presence of carbonatc*s proves that 

there is no acid action, sonu* en- 
gineershavt^concliuled that pittings 
do not owe* theii formation to .in 
acid, an<l believe* that the* conosion 
is <Iue in a gie*at m(*asuu* to lornc 
oxide. 

PiUtnKN ,, , ... 

reirric oxide is e:e‘rtaml\ a vei \ 



corrosive bod}'. Its hygrosc(j])icity aids the absoiplion of hunudit} , 
and, moreover, it i.s elect lo-positivei to iron. It must be eau‘full\ 
removed from the cavities when the boiler is cle*aiu*d out. 

But before speaking of the effects that this ferric oxide* ma}' 
produce, we inust examine the manner in which it is formed W'l* 
shall sec as a matter of fact that the feme oxides may be not onJ>' 
the direct result of the attack on the iron by the carbomc-acid gas 
and oxygen contained in the water, but may be tlic result of an 
attack by acid as a con.scquencc of chemical changes brought about 
with the aid of physical phenomena. 

In the isolated cavitie.s the presence of carbonates is ca.sily 
explained, as the bi-carbonates are instable, and precipitate their 
•carbonates of the alkaline earths. These carbonates may certainly 
have a corrosive action, as carbonic acid, aided by the oxygen and 
the steam in the boiler, is very corrosive. 

But, nevertheless, it must not be taken for granted that these 
pittings are not the result of an acid action. The attack on the 
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boiler-plates may very well be the result of the direct action of 
certain salts in solution in the water. The acid of these salts may 
combine with the iron to form corresponding salts, the reaction* 
being aided by the steam and the particular conditions of tem- 
perature and pressure. 

The examination of the substances contained in the isolated 
pittings does not show the presence of acidity, but nevertheless 
these corrosions are the result of an acid attack on the iron. 

Wc are able to prove beyond doubt the presence of acids in 
some substances from the corroded parts. If, in fact, the salt 
produced by the corrosion is decomposed, it indicates the presence 
of an acid. 

But in addition to this, the salts in solution in the water may by 
decomposition or by reacting on each other bring about acid trans- 
formations, and therefore lead to corrosions. 

This acidity is then very appreciable, and can easily be proved 
with litmus. We may add that the substance filling up pittings 
often shows a weak acid action, because of the great solubility of 
acids and salts in water, which tends to eliminate them in a large 
measure from the products of corrosion which were impregnated 
with them 


Examples of Corrosions with Notes. 

The experiences of Desgeans of the Compagnie de TEst, recorded 
in the Revue de.\ Chemins de Fer, which we are about to note, still 
further support our view 

Wc may note the important rdle which water plays in the 
corrosive action provoked by chemical reaction. 

The interior corrosions in boilers of iron or steel may be classed 
under two headings — 

1. Corrosions arising from exclusively chemical action 

2. Corrosions and leakages, due to mechanical action, aided by 
chemical action. 




Kui 


I. haiilts, -On the undtirsule of the cyluutcr, ovcM u width ot lion j tolohouilm nu'lifs, 

all over the plate. Beyond this zone, only jHolated coiiohions ol no iinpoit.uKt*. 
•Catw5.~Action of the water oi Huhstances contained dissolved in it. 

Consiqunices -Weakening of the plates, usually to an uninipoit.mt extent, hut some 
times necessitating' the lining oi replacement of the allccted pints, 
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Fig. 33* 

2, Faults — In some rarer cases, the corrosions extend to the highest level reached by 
the water m the boiler. In this case, the corrosions are worse between the highest 
and the lowest level of the water than in the parts always immersed. In short, 
there is always a zone exempt, between the lower corrosions of i and those of 2 
•Causes — Action of the water or of substances dissolved in it, 

'Consequences , — Unimportant weakening of the plates. 




Fig 34- 


3. Faults.—At the blow-out holes, whether under boiler or fire-box, there are corrosions. 
-iCa?«w.— Slight cracks may be produced at these points, giving vent to the air on 
cooling, and consequent oxidation of the metal 

The friction of tools may also cause wear at these points, which are at the 
lowest part of the boiler and consequently at the part most liable to corrosion. 
^Consequences. -'—Slight corrosions, weakening the metal and necessitating patches. 
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4 . Faults , — On the Hides of the fire-box, corrohion of j^reat extent but’uHually nhallow. 
Causes, —Chemical action of the water, 

ConseqHmcs,^V^<i9,)^Qniti^ of the Hides, usually unimportant, 



5. Faults.^Vaiy slight conosion at the base'^ol the dome, on the bniiel ol the boiler 
Of exceptional occurrence with the Compngnic cle ritst,l\\lio have used domes only 
since 1S78. 

Causes — Chemical action of watei condensed at the place. 

Consequences, — Weakening, usually unimpoitant, ol the plates. 
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il. Corrosions and Fissures Due to Mechanical Action and Accentuated by Chemical 

Action, 


Mileage of boiler: 301,920 kilometres. 



Fig 37. 


I. Faults —In the stayed part of the fire-box, and generally in the last vertical rows of 
stay-bolts, and on the plates AV and ARi of the fire-box, and sometimes on the 

sides and the front of it. ^ i_ ..u 

Mechanical action of the stays during displacement of the fire-box with 

relation to the grate Corrosive action of water 
Consequences,-?Todyxction of a crack which may involve the renewal of the sides of the 
fire-box or the application of patches. 

1 AV m front, AR at the back. 


6 
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Mileage of boiler . 562,430 kilometres. 



^ s 

t 0 

DC i 



oa 

Fig 39. 

2 Faults , — M Desgeans has also found fractures in plates at the upper horizontal row 
of the side-stays In some very special cases the grate was provided with|trans- 
verse ribs resting on brackets 

Causes — Pressure of the ribs on the brackets, tending to make the part of the plate 
carrying the bracket swing round the first line of stay-bolts, themselvesjalready 
under the strain of the steam pressure 

Consequences , — Formation of a crack necessitating patching or new plates altogether. 
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3. Faults * — At opposite pouitH on the sides ol the hairel of the l)oilei. 
Crt«5^5.““Mechanical action of expansion by heat, Coirosivc action of watei, 
CoHsequatces.~^'W<i:ikmn\^ of the places alfected, so that they have to be stuMiRtlKMied 

or replaced. 

4. Faults . rarely at the ends of the bairel and especially at joints in the lowei 

part of the boilei. 

Ca«s^s.— Mechanical effect of expansion by heatin^^. Corrosive action ol watei 
Consequences.^Thiim larer corrosions are seldom of any importance. 

5. These coirosions not unfrequently reach the tube-feiriilc livets. 

Caw5«.— Mechanical action of expansion by heat. Corrosive action of water 
C<?n5tf^*^5»c^s**-Replacement of corroded rivets. 
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Fig 41. 

(Diameter of barrel, 150 cubic metres. Tube-plate of the smoke-box ) 

6. Faults . — Corrosions in the lower part of the barrel near the tube-plate of the smoke-box. 
Causes . — Corrosive action of water, and very probably mechanical action exerted by the 
tube-plate on account of the thrust of the tubes. 

Consequences — Weakness, necessitating patching or replacement of the ierrules of the 
smoke-box 

Boiler- mileage 1,089,466 kilometres 

t i 

‘ I 



Fig 42 


7. Faults . — At the upper edge of the frame of the fire-box. 

Causes — Bending, first one way then the other, all round the frame, due to heat and 
pressure, and also to the thrust of the grate. Chemical action of water. 

' Consequences . — Weakening of the walls, necessitating lining, applied to the plates to 
prevent the corrosion extending. In certain cases, the lower parts of the plates 
have to be replaced by angle-irons. 



86 


INDUSTRIAL USES OV WATER. 


IJoiler-mileaf^e : 249,657 kilometreh. 



8. Faults . — At the edge of the frame of the lire-door. Thenc conoHionw ate raie. 
Causes . — Bending to and fro all round the fire-box, due to heat and preshure and the 
thrust of the grate. Chemical action of water. 

Consequences . — Weakness of the walls, necessitating patching, or more ruiely a new 
setting for the fire-door. 


Hoiler-mileage . 410,499 kilometres. 





9. Faults . — In the middle of the plate round the stays of the tube-plate of the fire-box. 
Causes . — Fatigue of the plate from the tension of the stays when the tubes expand* 
Chemical action of the water, chiefly at the lower part of the barrel. 

Consequences . — Weakening of the plates, necessitating either their replacement or the 
use of special stiffening stays. 
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Fia 45. 


10. Fmdts . — Above the boiler-supports at the expansion block Sometimes corrosions 
occur here even when the rest of the barrel is free from them, and are worse than 
those at other places when other parts are attacked. 

Causes , — Tension due to the inertia, the friction of the boiler on its supports, and to 
shaking of the frame of the engine. Chemical action of water. 

Consequences , — Weakening of the plates, necessitating the application of a lining. 


Boiler-mileage 339,549 kilometres. 



Fig 46 


II Faults , — Internal fractures in the tube-plate of the smoke-box. 

Causes , — Expansion and contraction due to the thrust of the tubes Chemical action 
of the water. 

Consequences , — Fractures of the plates, necessitating the application of small 8-shaped 
pieces in the intervals, or of plugs filled with elastic rings, or even replacement of 
the plates. 



INDUSTRIAL USKS OF WATKK, 


Boiler-mileage : 5i>j»773 kilometreii. 



Fi(.. <17. 


12. the uppiM pait ol the Iroiit plates ot the luv hov, m tiu hend. 

CViJWJi.— -Bendings, expansions and conliaciions lesulting iioin the mtein.il sti.iin ol 

expansion tendencies to dcioimation uiulei the action ol piessine wline tin tnivid 
and flat sui laces meet. 

Fatigue of the plate from the dilliculty the hodei lias in espandiii};, and tin 
thrust of the ban el against the lire-box, which is always h\ed lalliei ngulK 
between its supports. 

Fatigue of the plate caused by the ouginal shaping piocess. 

Chemical action ol watei. 

Weakening ol these parts, necessitating leinloreement or leplaeeincnt 
of the plates. 

13. Fmlts.-^ln the vertical angles of the plates, in the Ironi and back ol the tiie box. 

Mechanical action of the steam pressuieancl the thrust caused by expansion 
of the grate. 

Fatigue ol the plate due to the shaping of the plate. 

Chemical action of water, 

Weakening of these places, necessitating the reinlorcemeiu or replacing 
olf the plates. 
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Boiler-mileage . 763,825 kilometres. 





Fig. 48. 

14. Faults . — Round the edge of the tube-plate of the smoke-box. 

Causes . — Bending from the internal pressure and the thrust of the tubes 
Fatigue of the plate due to the shaping. 

Chemical action of water on the lower part. 

Consequences — Fracture of the plates, and cracks communicating with the outside,, 
necessitating the use of strengthening pieces, usually chamrel-iron or the replace- 
ment of the part of the plate that carries the tubes. 


Boiler-mileage 761,859 kilometres 



Fig 49 


15 Faults — Transverse fissures at the base of the dome 

Causes — Exclusively mechanical, arising from caulking cracks in the riveted part t00‘ 
hard 

Consequences — Replacement of the ferrule of the dome 
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yt. Copper Fire-lwxes, 

Corrosions and fnsurrs on the water sidr, 
IJoiler mileage . 471 . 55 * kilomctrcK. 



Ki(i. 50. 

I. Faults.— 'Cornmom and iissuicb, uhually localised in tlu* upper part ol the back 
plate of the box, and in the bend. 

Causes . — Bending to and fro caused by alternate expaiiHion and contraction ol the 
plate, and by the prensure on the crown of the Ine-hox 

Consequences Weakening of the walls, necessitating the application ol Hlillening 
pieces 01 the leplacement of the plates. 

Boilei -mileage . 108,369 kilometies. 



Kki. 51. 

2. Faults . — Corrosions and fissures generally situated at the uppei part ol the tube- 

plate of the fire-box, in the bend. 

Causes . — Bending to and fro undei the action of expansion, the pressuie on the ciown 
ol the fire-box, and the expansion of the tubes, 

Consequences. —Weakening of the walls, necessitating the application of stiflfening pieces 
with the replacement of the plates. 

3. Faults . — Corrosions and fissures generally localised where the tube-plate of the fire- 

box meets the crown. 

Causes , — Bending to and fro, due to expansion, the thrust of the tubes, and the pressure 
on the crown. 

Consequences . — Weakening of the walls, necessitating the application of different pieces, 
or the replacement of the plates. 
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Boiler-mileage: 471,551 kilometres. 



4. Faults — Corrosions and fissures generally confined to the crown, and following lines 
connecting the rivet-rows to the edges of the plate. Especially common near the 
tube-plate 

Causes . — Bending to and fro under the pressure on the crown, and under the thrust of 
the tubes 

Consequences — Lining the crown with a perforated plate with wide edges or applying 
ordinary stilfeners, or putting in a new crown 
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/)’. Tubes of Iron or Mild Steel. 


jS 



Fi<}. 5J. 


i. Faults , — On the tubes the corrosions arc often localised on the uppcM heating; sui 
face and sometimes on the lowei, but raiely occui on the sicIch. 

Causes . — Chemical action of water, which acts on tubes as uiOl as on plates 

The importance of the coirosions appeals to be inti eased when the tulxs 
were oiiginally not porlectly smooth inside and so presentin/Lf dejuessions eminentlv 
favourable to the piocluction of coiiosion. 

The metal loses its nature in consequence of the abnoiniallv hijjh leinpei.i- 
ture to which it is subjected on account of the bad conduetin}>{ juiuei of the 
incuistation. Mechanical action due to benchnj;; caused by the espansion of the 
tubes. 

Consequences , — Local ciacks in the tubes, necessitating; pUi^^inj; with the leiilacenient 
of the tube 

z. Faults.^ -Conomm of the nvetiuf; of the tubes 
on hie side of the tube-pl.ite 'I'liis foini of 
corrosion occurs with both steel and biass 
tubes 

Causes . — Action of w'atei comiuj; fioni leaks pio- 
duced in vaiious ways, such as the thrust of 
the tubes, defective nvetinj;, oi the action of 
the hot gases and the dust they cairy with 
them. 

In these thiee cases there is fasten 
wear, due to the exclusive employment of 
coke 

Conseqtumces , — Weakening of the tube, nfccessi- 
tating leplacement of the fenule or of the 
whole tube. 

Notk. — The use of tubes of iron or mild 
steel by the Compagnie de I’Kst is becoming 
more and more general. 
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We thus see how energetic is the action of the waters on the 
iron and steel of boilers. The red copper parts of the furnace 
bathed by the water arc only feebly attacked. 

In the case of copper, the pittings are not so deep as in the case 
of iron. It is rare to find corrosions in the red copper part of the 
furnace on the water side. In all cases they are principally of 
mechanical origin, and generally are simply gaps between the 
plates. 

Corrosive Substances in Solution in the Water, 

An eminently corrosive water need not necessarily show an acid 
reaction to begin with. 

The salts in solution in the water, in addition to a direct corrosive 
action, which they may have on iron, are often transformed, under 
the influence of the temperature and pressure, into other bodies 
•capable of attacking the metal very energetically. 

The experiments of Cornut, and of Scheurer-Kestner and 
Meunier-Dolfus in collaboration, have shown that the corrosion of 
iron is due to the appropriation of the oxygen of the water by 
the iron, the reaction being aided by the presence of carbonic acid, 
and the experiments of Petit have shown that carbonate of lime m 
water will attack non even in a cold solution. 

As a matter of fact, if we put porphyrised iron filings into a cold 
solution of carbonate of lime neutral to phenol phtaleine, we note 
that a certain quantity of neutral carbonate of lime is soon pre- 
cipitated and that the iron at the same time enters in solution, this 
reaction continuing as long as the iron is kept in solution 

Water containing only carbonic acid and nothing else quickly 
attacks iron. The iron enters into solution and hydrogen is given 
-off Thus carbonate of the protoxide of iron is obtained in solution, 
and on exposure to the air this turns turbid and (deposits the hydrate 
of the sesquioxidc of iron. The action of the iron on the bicarbonate 
of lime and on the dissolved carbonic acid, will explain the way in 
which iron tanks and pipes are attacked and also the rationale of 
the process by which the sugar boiler purifies his waters and syrups 
with iron filings. 

Finally, the corrosive action of organisms in the sea water must 
not be forgotten. As a matter of fact sea water is capable of very 
■energetig action, as it contains ammoniacal, nitrous and nitric fer- 
ments. These are found in the largest quantities in the water 
nearest the shore and especially in that contaminated with sewage. 

"‘The corrosion of metals by secretions of bacterian origin has 
been clearly proved in Germany by a microscopical examination of 
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type after use. This corrosive action a)uld be transferred to new 
type, and it was found that it stopped at once on sterilisation in the 
stove, thus provinj^ indisputably that the attack on the metal was 
made by micro-orj^anisms. 

We give the results of some interesting: cxi)criments made by K 
Baucher, principal j>harmacist to the navy, on the effect upon iron 
of different waters. 

The results shown in the following: table were obtained by ex- 
perimenting^ with well-cleaned and polished blades of iron of the 
same composition, each weighing i8 grammes, and steeped for eight 
days in each of the sj)ccificd liquids. 



MUUicrurnmrH. 



heroxIUf of iron 

Oxule of iron 



in hUNpetiKion. 

in lolution. 

Totftl. 

Distilled watei 


o 

>9 

,, ,, fresh boiled 

U) 

<> 

lO 

,, ,, sterilised 

12 

0 

12 

„ ,, boiled, then satuiated with 




oxygen 

21 

s 


„ ,, boiled, then saturated with 




caihonic acid 

7 

9 

If) 

Rain water 

*9 

o 

>9 

Town water (Divette) .... 

17 

o 

>7 

Sea water from the basin of the Mflture 




(Cherbourg) .... 


>94 

i6 

Above water boiled 

.li 

() 

i4 

„ „ „ then saturated with 




oxygen 

lO 

6 


,, ,, with seaweed 

.O 

i) 

37 

Harbour water . . ... 

27 

2 

29 


The attack on the iion usually commences in a few minut(‘s, 
showing greenish traces, which peroxidise later on. When once 
the attack has commenced, the corrosive action proceeds regularly, 
aided by the electio-cheinical phenomena set up bc‘tween the o.xidcs 
formed and the iron. 

(<'d Corrosiofis Ca/ised A(i\/ IV a tern. 

Let us now examine the action on iron of the salts most 
frequently met with in waters, and we will suppose, to begin with, 
that the feed water has been acidulated with the acids of the salt.s. 
This occurs because natural waters are freciuently acid when they 
have been collected before the neutralising effect of the carbonates 
in ‘the soil has had time to operate. 

Hydrochloric Acid. — Water acidulated with hydvpchloric acid 
attacks iron energetically, producing soluble ferrous chloride and 
freeing the hydrogen : — 

Fe + 2Ha « FeCla 4* 
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This ferrous chloride is rapidly oxidised, and is transformed into- 
ferric chloride depositing ferric oxide : — 

dFeClg +30 = 2Fe2Cl6 + FegOg. 

In presence of steam, and at the high temperature in the boiler,, 
there may be still another reaction, in which hydrochloric acid is. 
produced : — 

SFeClg + 4H,0 - FegO^ + 6 HC 1 + 2H. 

According to these three reactions an intermediate oxide, FcgO^,. 
and two ferric salts, Fe^Og and FcgClg, are obtained. 

The steam decomposes the ferric chloride itself into hydro- 
chloric acid, which is regenerated * — 

FegCl^ + = FegOg + 6 HC 1 . 

The attack on the boiler-plates thus results in the continuous 
production of oxides of iron, and the regeneration of the hydro- 
chloric acid. A cycle of corrosion is thus set up, and hydrochloric 
acid is produced. 

We will examine later the reaction caused by the chlorides 
formed. 

Sulphuric Acid, — A water containing sulphuric acid in solution 
gives analogous reaction to that of a water acidulated with hydro- 
chloric acid. 

To begin with the iron is attacked, ferrous sulphate is formed,, 
and hydrogen is given off* — 

H,SO, -h Fc = FeSO^ + 2H. 

In the boilers, however, this ferrous sulphate oxidises, forming 
normal ferric sulphate, which remains in solution, and ferric oxide 
which is precipitated — 

6FeS()t + 30 = 2Fe/SOJg + Fe.^Og. 

The ferric siiliihate obtained is decomposed by the steam and the 
high temperature, basic ferric sulphate is precipitated, and sulphuric 
acid set free — 

2Fc,(SOi)g = (Fe,Og)oSOg + sSOg. 

This regenerated sulphuric acid attacks the iron anew, and in 
an oxidising medium forms ferric sulphate, and the cycle of re- 
actions which we have just described recommences. 

Another body, the precipitated basic ferric sulphate, can also be 
reduced in the same way as any other ferric salt. The consequence 
of this reduction, which is at the expense of the iron of the boiler- 
plates, is the formation of a corresponding ferrous salt 
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In the case of normal ferric sulphate we obtain 
Fe,(SO,), + he - sl'cSO., 

In boilers feel with water aciclulateel with sulphuric acid, in 
addition to ferrous sulphate in solution and ferric oxide, a deposit 
•of basic ferric sulphate may be found, if this has not been completely 
reduced by the iron of the boiler-plates. 

Nitric Acid. — In the case of a feed water acidulated with nitric 
acid, analogous reactions to tho.se furnished by hydrochloric acid 
and sulphuric acid are obtained. 

Formulae of Acid Attacks on Iron. -From the foregoing we cati 
•draw up concise formulie showing the nature of the reactions in the 
corro-sion of iron with the acids of the salts most fretiuently met 
•with in waters : — 

1. With water acidulated with hj’drochloric acid : — 

3 FeCLj -I- 4H.p Fe,,(), + 6 1 1 Cl 

2HC1 -I- Fc - FeCl„ -i- 2II h'e.,Cl„ -1- Fe ^h'eCl,, 

I ■ 1 

6FeCl., + 3O 2l<'e.,C:i„ + l<e,.0, 

Fe,Cl,i ' Fe.,()., -I- 6IIC1 

2. With water acidulated with sulphuric acid : - - 

3FcSO, + 4lI.,() Fe.,(), 1 2II 1 3ll,.S(), 

ai3S0.,+ Fc FeSO,-H2lI Fe./SO,),, 1- Fe .jFe.SO, 
dFe.SO,, + 30 2h'e.,(.S(),,)., s l'e,0,, 

2Fe.,(SO,),, (Fe, , sex, s 580, 

3. With water acidulated with nitric acid - 

•pHNOj + 4Fe 4Fe(NO,)., + 3 1 1./) + N 1 1, 

Fe,(N(X,)„ 3JMN(X,), 

6Fe(N0,), + 3O 2Fe,(LrO„)„ + Fe,()3 

Fc„(N 0.,)„ Rasic ferric nitrate 
+ IINOa- 

{b) Corrosions Caused by Water Containing Salts. 

In considering the attack on iron by acidulated water, we showed 
•that certain salts, such as the ferric sulphates and chlorides, were 
•eminently corrosive. These salts, under an appearance of inertia, 
may attack the boiler-plates either directly or indirectly, in reaction 
rwith other salts. 
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We will now consider the corrosive action of the different salts, 
commencing with the chlorides. 

Chlorides. — Ferric chloride is not the only salt which may 
exercise a corrosive influence on boilers. The instability of chloride 
of magnesium makes it also harmful in this respect. We have already 
noted the easy manner in which this salt is decomposed at relatively 
low temperatures, in writing of the solubility of salts in water 

Its decomposition takes place according to the following re- 
action : — 

MgO, + HgO = 2HCI + MgO. 

The hydrochloric acid thus freed commences the cycle of cor- 
rosive reactions which we have just previously noted Ferrous and 
ferric chloride are formed, and the decomposition of the latter sets 
up a cyclic reaction 

Chloride of magnesium is itself very corrosive, and another salt, 
sulphate of magnesium, which alone may be considered as harmless 
to the boiler-plate, becomes extremely corrosive if the water holds 
chlorides in solution. 

If we represent the chlorides by the formula ECl, E representing 
a monatomic element, we obtain the reaction : — 

MgSO, + 2ECI + HP = MgO + E3SO4 + 2HCI. 

It will be seen that a corresponding sulphate is formed and that 
the hydrochloric acid is set at liberty, and of course the cycle of 
reactions which we have just noted commences. Carbonate of 
magnesium with the chlorides may also lead to the formation of 
chloride of magnesium, the corrosive effect of which is known • — 

MgCO, + 2NaCl = MgCl, + NapO^ 

MgCl, + HP = 2HCI + MgO. 

Although chloride of calcium is more stable, the steam and the 
high temperature ma)' decompose it in the presence of other salts, 
and corrosive substances may be fotmed. 

Chloride of sodium has an extremely corrosive action on iron in 
the presence of steam and silica — 

SiO, + 2NaCl + HP - NapiOg + 2HCI 

The hydrochloric acid thus formed then attacks the iron m the 
cycle of reactions we have already described. 

In waters containing organic matters chloride of ammonium 
may be met with This is an instable salt and may have a cor- 
rosive effect . — 

NHpi + Fe = HCl + NH^. 

Hydrochlpric acid is formed, which reacts on the iron to give 

7 
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ferrous chloride, which is then subjected to the secondary reactions 
already studied. 

Sulphates. — We have seen, in considering the action of water 
acidulated with sulphuric acid, that ferric sulphate is a corrosive 
body, and we have indicated the reactions which lesult from its 
presence. 

Another salt, sulphate of aluminium, gives absolutely analogous 
reactions, and like sulphate of iron must be looked upon as corro- 
sive. Under the influence of heat, oxide of aluminium is precipitated, 
and sulphuric acid set at liberty, and in addition a precipitate of 
basic sulphate of aluminium is thrown down * — 

3H,0 + A1,(S04 )« ai,o« + 

Thus the iron is corroded by the sulphuric acid. 

As for sulphate of copper, which is sometime.s met witli in solu- 
tion in the feed water, it deposits metallic copper on the boiler- 
plates, and the sulphuric acid set free attacks the iron — 

CuSO^ -H Fe - FeSO, + Cu 

The ferrous sulphate thus obtained is subjected to the reactions 
which wc have studied, and is transfonnecl into a highly corrosive 
body. It IS an interesting fact noted by Petit, that iron is attacked 
by water containing alkaline sulphate even in a cold solution 

If a solution of sulphate of potassium with water free from air 
and carbonic acid be made, it will be found that such a solution 
containing 0091 gr. of sulphate of potassium per litre in contact 
for eleven days, at a tempLuature of 12 " C , with 100 gi. of jior- 
phyrised iron, has oxidised gr. of iron. 

If the water contains a notable ciuanlity of carbonic acid a part 
of the iron is oxidised and another jjait enters into solution. 

Thus 100 gr. of porphynsed iron, treated under the same con- 
ditions in a similar solution but containing carbonic acid, dissolves 
nearly 15 per cent, of the iron and nearly 8 per cent, is oxidised 

The attack on the iron is therefore considerably moie severe, 
the solution becomes alkaline, and the residue contains sulphide of 
iron. The alkaline sulphates, which arc corrosive even in a cold 
solution, are much more so under the influence of heat in the boilers. 
The corrosive action of the alkaline sulphate is increased in the pres- 
ence of carbonic acid, but this applies to salts in general. 

Sulphides. — Sulphides and sulphites are both met with in 
water, and the acids of these salts set up reactions in the presence 
ol other salts and under the physical conditions in the boiler. 

Ph. de Clermont and J Frommel in collaboration have noted 
that the hydrates of sulphides are decomposed by heat, and that 
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the sulphides which do not give ofiP sulphuretted hydrogen on boih^ 
ing in water are those which are not transformed into ’""hydrates^ 
lunder the same conditions. 

The sulphides of the alkalies and of the alkaline earths are salts 
which are easily split up into the oxide of the metal and sulphuretted 
hydrogen, and the subsequent oxidation of the sulphuretted hydro- 
gen brings about the formation of hyposulphite of sodium : — 

4Na2S + 4H2O + SO = Na^SgOa + 6NaOH + H^S + S. 

Sulphuretted hydrogen is often met with in waters which have 
to begin with contained sulphates in the presence of organic 
matters. 

If water containing sulphates and organic matters is fed into 
the steam boiler the high temperature aids the reducing action of 
the organic matter on the sulphates, which are transformed into the 
•corresponding sulphides : — 

CaS04 + 4C = 4CO + CaS. 

We have detected the presence of sulphides in the products of 
boiler corrosion. 

Sulphuretted hydrogen arising from the decomposition of the 
sulphides may be oxidised and transformed into sulphuric acid . — 

H.,S + 4O « H0SO4. 

The formation of this sulphuric acid necessarily brings about 
the cycle of corrosive reactions already studied 

The direct attack on the iron by the sulphuretted hydrogen 
takes place as follows — 

Fe -h H^S = FeS + 2H. 

The sulphide of iron thus formed is easily decomposed It is 
changed into the hydrate of sulphide which gives sulphuretted 
hydrogen — 

FeS + np = FeO + H,S. 

According to the experiments of Ph. de Clermont sulphide of 
iron in the presence of water in a vacuum gives off sulphuretted 
hydrogen at 50° C. 

Sulphites. — We have now to examine the corrosive action of 
sulphurous acid. 

Sulphurous acid may be oxidised by the steam in the boiler : — 
SO. + up = H.SO^. 

Thus sulphuric acid is formed, with the results we have already 
•described. 

We have also to take into consideration the fact that the ferric 
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salts, sulphates and chlorides, may be reduced by the sulphurous* 
acid into ferrous salts, and the acid thus set at liberty : — 

Fe^CSOJa + SO(OH), + H ,0 = 2FeSO, + 2 H.,SO,. 

The case in the formula supposes that ferric sulphate has beem 
reduced, with the production of sulphuric acid. With ferric chloride 
of course the acid produced would be hydrochloric in addition to 
the sulphuric acid • — 

Fe^Cly + SO(OH), + H.O - 2FcCI, + H,SO, + 2HCI. 

On examining these two reactions it will be seen that the cor- 
rosive effect is increased, and that the bodies formed in the second 
halves of tlie two equations arc acids and ferrous salts, chlorides 
and sulphates, which arc rapidly tiansformed into corrosive ferric 
salts. 

Nitrates. — In describing the corrosive action of water acidulated 
with nitric acid, we remarked that fenic nitrate was a corrosive salt, 
and that in reaction with other bodies its nitric acid w.is set at 
liberty. The nitric acid of nitrates may be set at liberty in the 
])resencc of an acid salt, or of a water rendered acid by the decon^- 
position of salts. 

Thus with acid sulphate of sodium we obtain 

NaNO, + NairSO.i « Na.SO, + UNO., 

The nitric acid thus set at liberty attacks the iron, a leaction 
which has already been studied, and if the water contains lioth 
chlorides and nitrates in solution the conosive action of th(‘ two 
salts combined becomes particulaily dangcioiis, as (ujita i^ 

very cpiickly foimed in the boilers. 

We have had practical proof of this, and in the jiroducts aiising 
from energetic corrosion of iron, we have beem able to j)rove the 
association of chlorides and nitrates by testing with tht‘ salts of’ 
silver and sulphate of diplienylaininc. The presence of nit rates in 
water, moreover, is by no means uncommon, and they aie often 
forgotten in inquiring into the cause of corrosion. On the Ixjidt^rs 
of streams and in all water contaminated with sewage, there is a 
considerable quantity of micro-oiganisms, ammoniacal, nitrous and 
nitric ferments capable of forming nitrates. 

Table of the Reactions Producing Acids. — As we have already 
seen, by analysing a water we can foresee its corrosive effect by con- 
sidering the nature of the salts which it contains, and a quantitative 
analysis will warn us as to the activity of this corrosive action. 

The following tables show the reactions by which hydrochloric, 
sulphuric and nitric acids may be formed in the boilers. 
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a. Formation of Hydrochloric Acid, 


Chloride of magnesium and steam 
'Sulphate of magnesium and alkaline 
chlorides 

‘Silica and alkaline chlorides 
Ferric chloride 
Ferrous chloride 

Carbonate of magnesium and chlorides 
Chloride of ammonium 


MgCla + HgO == MgO + 2HCI 

MgS04 + HgO + aNaCl = Na2S04+MgO 
+ 2HCI. 

S1O2 + 2NaCl + HgO = NagSiOg + 2HCI. 
FegClg + 3H2O = FegOg + 6HC1. 

SFeCla + 4HaO = Fe304 + + 6HC1. 

MgCOg + 2NaCl + H2O = NaaCOg + MgO 
+ 2HCI. 

NH4CI = NHg + HCl 


b, Formatio7i of Sulphuric Acid, 


Normal ferric sulphate 
Ferrous sulphate 
Sulphurous acid, sulphite 
Sulphurous acid and ferric sulphate 

'Sulphurous acid and ferric chloride 

iSulphuretted hydrogen, sulphides 
Sulphate of calcium and organic matters 

Sulphate of aluminium 
Sulphate of ammonium 
Sulphate of copper 

c Formation 

N ormal ferric nitrate 
Alkaline nitrate and acid sulphate or 
sulphuric acid 
Nitrate of ammonium 


2Fe2(S04)3 — (Fe20 3)2802 + 
iFeS04 + 4H2O — Fe304 + 2H + 2H2SO4 
3O2 + HgO + O = H2SO4 
EI2SO3 + Fe2(S04)3 + H2O = 2FeS04 d- 
2H2SO4. 

3O2 + FegClg + aHgO = aFeClg + 2HCI -h 
H2S64 

H2S + 40 = H2SO4 

2GaS04 + 0 + 3^30 ~ Oa(OF[)2 + CO + 
2H2SO4 

Al2(S04), + sHaO = AI2O3 + 3H3SO4 
{NH4)3S04 = 2NH3 + H2SO4 

CUSO4+ = FeS04 + Cu. 
of Nttric Acid 

Fe2(NO,)j, = Ferric nitrate + HNO, 

NaNO, + NaHS 04 = NaoS 04 -i- HNO^ 
NH.NO. = NH,+HNO.j 


Treatment of Sea Water and Deep Well Water 

The analytical examination of sea water and deep well water 
-ihows us that in their constitution they have many points in 
common 

In sea water as in deep well water the proportion of matters in 
-“^lolution is very high Without stopping to consider the compo- 
i^ition of these waters, which we have already had occasion to 
examine in a preceding chapter, we must note that in deep well 
water and sea water there are certain salts particularly corrosive 
and capable of forming scale. 

These are — 

Sulphate of calcium. Chloride of sodium 

Sulphate of magnesium. Chloride of magnesium 

Chloride of calcium. 

Chloride of potassium. 
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It may be said, therefore, that the two waters are very much 
alike in their action As a matter of fact the most dangeious scale- 
forming salt, sulphate of calcium, is met with in as large proportion 
in sea water as m deep well water. 

The other salts in solution in the water assist it to a greater or 
less extent, but it is this salt which is the most dangerous from the 
point of view of scale. Other salts, amongst which are the chlorides, 
and especially chloride of magnesium, are common to both waters, 
and are corrosive. 

Sulphate of magnesium also found in both waters is rendered 
corrosive by the reaction of other salts. 

The salts, scale forming and con-osive, may thus be put in two- 
groups, the sulphates and the chlorides, and the treatment of sea 
water and deep well water should be arranged with a view to tlu^ 
neutralisation of these acids 

Sea Water in the Boiler, — When sea water is eva[)()rated there 
is a rapid deposit of saline matters, with which the water is of cours(‘ 
very heavily charged. Sea ^alt is the principal one, and this foims 
large obstructive masses at the bottom of the boiler which speedily 
interfere with the regular production of steam. 

The inconvenience of this is felt particularly in the ca.se of 
multitubular boilers, as, for instance, those of torpedo boats To- 
begin with, there is a large waste of fuel caused by the bad con- 
ductivity of the saline mass, and the obstruction grows until tlu* 
engine stops for lack of steam. 

In addition to chloride of sodium, othei sedts aie deposited ht 
smaller and larger proportion, and these contribute to the b<i<l 
effects of the salt either by precipitating or decomposing. 

The sea salt is always accompanied by sulphate of calcium, llu^ 
most pernicious of scale formei.s, and by unstable salts sucli a^ 
chloride of magnesium, the easy decomposition of whicli leads 
to corrosion. The remedy on board ship is very simple in tlieoi'}-. 
All that is needed is a sufficient store of soft water, that is to say 
water containing neither carbonate nor sulphate, and to use this 
alone for the boilers. 

In this way the feed water will be neither corrosive nor encrust- 
ing, and to get over the difficulty of storing so great a quantity of 
water on board ship condensed steam is used. 

Surface condensers are now found on all ships, but for all that 
the stock of drinking water must be resorted to at times or sea 
water used for the boilers. 

The precautions to be taken in this latter case and the methods, 
which have been invented to make the use of sea water practicable 
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are interesting. The first precaution to take is to prevent the de- 
position of the sea salt, and this can be done by taking into con- 
sideration its co-efficient of solubility, and ascertaining the degree 
of concentration of the sea water under the influence of heat in the 
boiler. 

As soon as a degree of concentration is reached neighbouring 
the co-efficient of solubility at the existing tempera- 
ture, the concentrated water is run off and a fresh 
supply of sea water is introduced. It is therefore 
useful to know at what degree of concentration the 
sea-salt deposits commence to form. 

To ascertain this, a sort of hydrometer known as 
a saturometer is used This differs only from the 
ordinary instrument in the manner in which it is 
marked The o mark on the stem is the point to 
which the hydrometer will sink in distilled water, 
and the number 10 is that which will be level with 
the surface of the liquid in a solution containing 350 
grammes of sea salt in 1,000 cubic centimetres of 
water 

It is estimated that the temperature of water 
from the condensation of steam is 95° C., and the 
graduations of the saturometer are made at this 
temperature and the interval between the o and the 
10 IS divided into equal parts, so that 1° read on the 
instrument shows an increase of 35 one-thousandths 
in the concentration of the sea water. 55 — Saturo- 

Consequently if is read on the hydrometer in meter 
making a test, the concentration of the water in the boiler is x O 035. 

We therefore obtain the following table of concentration 


Saturometer 

degree 

Concentration 

Saturometer 

degree 

Concentration 

I 

0035 

6 

0 210 

2 

0 070 

7 

0245 

3 

0 105 

8 

0 280 

4 

0 140 

9 

0315 

5 

0 175 

10 

0350 


In order to learn the degree of concentration of the water in the 
boiler at any moment, the little apparatus illustrated in fig. 56 is 
used. A is the boiler, and a tap B is arranged to run the water 
into a funnel C containing a test flask S in which the saturometer 
can be easily plunged and the degree read off. 
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Formulae. — Supposing that we have found 8 in taking the 
saturometer reading, this number therefore corresponds to 0’03S x S 
and IS given by the table. 

If TT is the weight of the water in the boiler and x the total 
weight of salts in this water, we obtain the general formula : — 

.r -=■ 0*035 X Stt. 

It is evident that this formula allows us to take any letter as the 
unknown quantity, and to make calculations according to the unknown 
quantity sought for. Having ascertained the degree of concentration 
of the water, we can tell when the saline deposits will be produced. 



FKt. 56. — Apparatus lor ihu satin ometci deforce ol sen wain. 

These deposits -commence when the concentration of thi‘ watei 
in the boiler at a given temperature corresponds to the co-efncient 
of solubility of chloride of sodium at this temperature. In a saline 
solution the concentration of a liquid in relation to the salt which 
it contains is the ratio of the weight of the completely dissolved salts 
to the total weight of the solution. 

Representing by cr the co-efficient of solubility of sea salt at a 
temperature of ^ m the boiler and by x' the degree of concentration 
of the saline solution at this temperature, we obtain — 


1000 + <T 

We learn, therefore, what will be the conditions of the forma- 
tion of the deposit by this formula. 
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To simplify the calculation, we will take it for granted that the 
temperature is 95"* C., and replace in the preceding equation the 
letters by their value, and taking the co-efficient of solubility of sea 
salt at 95® C. as 0*392, the equation will then become . — 

.r' - 392 — 0281 

1392 

Application of the FormulaSi — We will now seek in the table 
already prepared for the saturometer degree which corresponds 
with this concentration number, 0*281. 

We note that it corresponds with 7*8 on the stem of the 
saturometer. Thus, therefore, when the saturometer marks 7-8 
in water at 95° C from the boiler, deposits of sea salt will 
form. 

The degree read on the saturometer, however, is never exact, as 
of course salts other than chloride of sodium are in solution in the 
sea water. This is taken into account in the navy, and a very 
wide limit is allowed. The saturometer degree is not allowed to 
exceed 3. 

As soon as the reading of the saturometer shows this degree, 
the water is run off by a tap specially provided for this purpose 
This is at the bottom of the boiler, and a tube penetiates into 
the interior to extract the water laden with salts, the expulsion of 
which IS facilitated by the interior pressure 

Another Formula. — To change the water periodically and suffi- 
ciently frequently, the ratio to be established between the weight to 
extract and that of the steam generated between two runnings-off 
IS ascertained 

Haton de la Goupilliere has invented a very neat formula to 
effect this calculation 

We will represent by P the total weight of water in the boiler 
at the time when operations are commenced Let p be the weight 
evaporised between two runnmgs-off, and tt the weight extracted 
each time. 

Finally repiesent by S the degree of saturation at the moment 
the boiler is cleared out, and a that of the ocean. 

The operation is thus conducted before removing tt. To begin 

with, half is restored, that is to say-^ of natural sea water, and the 
total contents of the boiler then becomes • — 

P +~. 

2 


We then extract the weight tt. 
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In the boiler there remain.s P - that is to .say the quantity of 

2 

salt equal to 

After this, the rest of the fresh supply of water, that is to say 

is introduced, which brings with it its decree of saturation ^<r. 

Until the next xunning-off steam is produced, and a weight p of 
distilled water is evaporated. 

But this weight of evaporated wjitcr is replaced by the normal 
feed of a weight p of sea water which brings into the boiler a 
quantity of salt equal to po-. 

By what has preceded, the necessary calculation can be made. 
By representing by 5 the limit of saturation which must not be 
passed, we obtain the total VS : — 

P5'-(P-^) S + (/ + 7r)a. 


In the following extraction we add to begin with a weight ^ 


of 


sea water, which brings with it a weight of saline matters. 

If we allow for this fact m the preceding c([uation, we obtain * — 
(P — + (/ +• 7r)(r, 

This IS the weight of salt which is at this moment containe<l in 
the quantity of water F We now deduct tlu‘ value of the degree 
S of .saturation at the moment of running-off — ■ 


S " — S + (/ + 7r)cr 


Hence ■ 


P + 


s 


Bringing this value of S into the equation, we obtain 


Hence 


And finally : — 


PS 


(- 1 ) 


p' 


P _ tr _ \J>_ 
TT CT 2 P 
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We have thus the value that we sought for, that is to say the 
value that must be given to the weight tt of water drawn off in 
terms of the degree of saturation S which must not be exceeded, 
and the contents of the boiler, represented by P, the total weight of 
water in the boiler. 

We note, moreover, that during two consecutive runnings-off a 
weight / of water has been vaporised. 

Suppose the feed continued ; p and tt annul each other, but. 
their ratio verges towards the limit •— 

/ ^ - o - 

TT O" 

If we concentrate to ten times the degree of concentration of 
water in the sea, we obtain — 

^ = rorj, 

and consequently . — 


TT 

P 

Therefore, no grammes of sea water should be run off per 
kilogramme of steam produced It is necessary to examine also 
the question of the sulphate of calcium contained in the sea watei. 

Influence of the Substances Remaining in the Water, — To 
begin with, this practice must be condemned, as it leaves a harmful 
layer of sulphate of calcium in the marine boilers, produced in large 
quantities in the very attempt to avoid the deposit of sea salt 

All the troubles which we have already described arise from 
this, and the interference with the production of steam is sufficient 
to make us reject this system 

Sea watei always contains sulphate of calcium, and unhappily 
the deposit is made quickly and unavoidably, and with the con- 
stant recharging of the boilers the water may be not particularly 
strong in sulphates and yet produce scale out of all proportion. 
The process, therefore, can only lead to a particularly harmful layer 
of scale being formed and the proper working of the boiler must 
inevitably and speedily be interfered with The system as we have 
seen avoids in a great measure the deposition of sea salt, but at 
about 140'’ C the sulphate of calcium is deposited, producing incrus- 
tations, the bulk of these growing with each fresh supply of feed 
water. 

The mass of sulphate of calcium thus formed may lead to a 
stoppage of the engine, and it is important to avoid it 

As for the corrosive salt, such as chloride of magnesium, this 
salt IS decomposed in spite of the system we have described. It 
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attacks the boiler-plates as we have already seen. We have had 
occasion to examine three samples of deposits in marine boilers, 
and analysis gave us the following results : — 



No. I 

No, 2. 

No. 3, 

Sulphate of calcium^ 

71’20 

64*09 

77'S5 

Mag^nesium salts (as MgO) 

7*15 

8*25 

4-37 

Sulphate of sodium 

2*97 

4*86 

3-98 

Chloride of sodium 

031 

0*67 

<>•50 

Feme oxide 

I 7 ‘f >5 

i «'93 

10*63 

Organic matteis 

0*93 

2*89 

2*11 

Loss 

0*39 

0 * 3 1 

(>•50 


100*00 

100*00 

100*00 


The second sample contained a notable proportion of organic 
matters which showed the presence of nitrates in the deposit. As 
a matter of fact, it was easy to prove that nitric acid was present 
by testing with sulphate of diphenylamine. 

As regards the iron arising from corrosive action, we note that 
the second sample showed the heaviest proportion of oxide of iron, 
and this corresponds to the largest proportion of salts of magnesium 
in the three samples In the third sample, the magnesium com- 
pounds are m the smallest proportion, and it will be seen that the 
product resulting from corrosive action on the boiler-jilatcs, feiric 
oxide, is also in the smallest proportion 

Each of the three samples contained as will be seen a notable 
proportion of iho sulphate of calcium, which shows the dangen- of 
this salt when marine boileis arc fed with sea watci and tlie system 
described is adopted. 

Another method thcrefon' of avoiding the deposit of chloiide of 
sodium must be adopted. 

Prcvefition of the Encriusting arid Corrosive Action of Sea JJ^rter 
and Deep Weil Water, 

Two sorts of troubles have therefore to be avoided in using sea 
water and deep well water, encrustation and corrosion. 

We have seen that these actions, although cjuite different, owe 
their origin to salts which may be classed in two groups according 
to the acid they contain. These two salts are chlorides and sul- 
phates, and a remedy must be sought for the evil effects they 
produce. 

To counteract the effects of encrusto-corrosive waters, deep 
well water, sea water, and almost all waters capable of a corrosive 
action, as at the same time they are certain to be capable of form- 
ing scale, a remedy must be applied which will not only prevent 
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the formation of scale, but will also neutralise the corrosive action. 
This must be done without introducing substances into the water 
which will increase one of these effects in diminishing or suppress- 
ing the other. 

We shall see that very few suggested remedies fulfil these- 
conditions. 

Zinc, — Zinc is a remedy for the corrosive action of waters, but 
it does not completely prevent the formation of scale. 

When zinc is introduced into boilers, the corrosive action of the 
water is directed to this metal, and thus the iron is not attacked. 

This fact was noted in i88i in some steam boilers belonging to 
B. Normand. It was noted that in one of the boilers which had 
brass stays there was no corrosion, but that the zinc in this alloy 
had completely disappeared, leaving the copper bare. 

According to Lesueur, when two metals of opposite nature are 
placed in a conducting medium, an electric current is set up which 
flows from the most attacked metal to the least attacked, and splits 
up the water into its elements, the oxygen acting on the zinc and 
oxidising it, and the hydrogen being set at liberty from the posi- 
tive pole represented by the iron. In this electro-chemical couple 
the iron is polarised. The hydrogen thus shields it from oxidation. 

The hydrogen is said to be an obstacle in the formation of 
scale, hut this preservative action does nut last very long, and the 
scale forms socaier or later 

In the n<ivy a kilogramme of zinc for large boilers and 400 
gramm(‘s for tliose of torpedo boats are introduced per square 
metre oflieated surface Caic must be taken to remove the la}^er 
of ziiu oxide foimed from time to time, as this coating protects 
the /me fiom <itl.ick, and thus prevents the formation of the electric 
curieiil When plates of /me .ire used they are suspended m the 
boih'i' by wiles of <l conductive metal 

Electrogenes.— Zinc globes are also used in Hannay’s electro- 
gene 'The sphere of zinc is traversed by a bar of copper, which 
is in communic.ition by conductive wires with the boiler-plates, and 
the apparatus is suspended fiom the top of the boiler. 

In deci) well water, as in sea water, the zinc acts by forming an 
electric current, set up by their acidity, and this is shown by the 
fact that hydrochloric or sulphuric acid is set at liberty. The latter 
us met with in particular in boilers fed with deep well water. 

Baker’s electrogene is an apparatus the object of which is to- 
collect the electricity given olf by the steam by means of properly 
arranged metallic points. 

A hydro-electric machine is thus obtained. The metallic points 
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are arranged in the form of a star, and communicate with the boiler 
by a copper wire. The steam produces electricity, which runs from 
the star into the wire conductor, and by this into the boiler. The 
solid particles in suspension are charged with electricity as soon 
as they touch the boiler-plates, and are repulsed at once, so that 
they are not able to form scale. 

Lime. — A favourite method in the navy to prevent corrosion 
is to make the water slightly basic with lime. 

In feeding multitubular boilers, soft water is used, to which one 
kilogramme of lime is added per cubic metre of water. This cer- 
tainly prevents or diminishes the corrosive action, but it increases 
the encrusting power of the water. If the lilnc^ is introduced in 
sufficient quantity, it will neutralise all the acicl action, and also 
precipitate the metallic oxides and the oxide of magnesium : — 

MgSO, + Ca(OH),- CaSOj 4- Mg(OII V 

By the decomposition of chloride of magnesium, hydrochloric 
acid is formed, which reacting on the lime gives chloride of calcium, 
a much more stable body than chloride of magnesium, but .still 
capable of corrosive action. 

The sulphates contained in the .sea water or deep well water 
give sulphate of calcium, which lends its assistance to that alread} 
m the water, thus increasing the encrusting action. 

In deep well water the proportion of sulphates is often ver}’ 
high, and this greatly increases the encrusting capacity of the water. 

To prevent .scale-forming deposits in boilers fed with deep well 
waters, De Senannont adds clay in a state of fine suspension to the 
lime. It is evident that it is advantageous to purify the w,ilci 
before it is fed into the boilers. In the case of sea water, Stapfer 
suggests the use of lime in excess, which precipit.ites all the 
magnesia. 

The excess of lime in solution in the water is then got licl of by 
bubbling carbonic-acid gas through the water. The gas is obtained 
from the furnace by means of Koerting's injector. 

Chloride of sodium, and sulphate and chloride of calcium, remain 
in the water. The sulphate of calcium can be eliminated with car- 
bonate of sodium. 

As for filtration, it can be done quickly in a turbine with filtering 
•cloths and abestos when carbonate of sodium is used. 

Carbonate of Calcium. — The use of carbonate of calcium has 
been suggested by Lechatelier, professor at the School of Mines, 
who has shown in an exhaustive treatise the value of this inexpen- 
-sive remedy in dealing with deep well waters. 
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By introducing carbonate of calcium into boilers fed with deep 
well water the sulphates of the peroxide of iron and of alumina are 
decomposed, and their oxides of iron and aluminium are precipitated 
The sulphuric acid is then saturated, and sulphate of calcium is 
formed 

As for the sulphate of magnesium contained in the water, it is 
not decomposed as with lime 

When carbonate of calcium is used, the quantity of sulphate of 
calcium primitively contained in the deep well water is not dimin- 
ished, but the mechanical action of the chalk seems to interfere 
with the crystallisation of the sulphate of calcium. 

Caustic Soda and Potash. — The caustic alkalis are very effica- 
cious preventatives of corrosion, but it must not be forgotten that 
they are expensive products 

In multitubular boilers caustic soda is often used instead of 
lime. In the case of deep well waters, caustic soda is also used. 
The ferric salts are precipitated, but the sulphate of aluminium 
remains m solution, as it redissoKes in an excess of the reagent. 

Soda acts on the chloride of magnesium, precipitating the oxide 
of magnesium and neutralising the hydrochloric acid 

On sulphate of calcium it has hardly any action, but nevertheless 
if the water contains also carbonate of calcium, carbonate of sodium 
is formed, and this precipitates the sulphate of calcium 

Carbonate of Sodium. — Carbonate of sodium is a first-class 
remedy for encrusto-corrosive waters It acts both on the scale- 
forming qualities and the corrosive influence of sea water and deep 
well water Certain facts have to be taken into consideration in 
using It, in order to make the remedy efficacious 

On the very corrosive salts of magnesium, its action is as 
follows — 


2 M gCl> + 2Na,C0, + H,0 = 4 NaCl + CO^ + MgCO, + Mg(OH) ,, 
4MgSO, + 4Na,C03 + H.p = 4Na,SOj + sMgCO^ + MgCOHj + CO^. 

If this precipitation takes place in a cold bath, it is incomplete, 
even with an excess of carbonate of soda , carbonic acid is given 
off, and bicarbonate of magnesium is formed which remains in 
solution. 

If, however, the bath is hot as in boilers, the precipitation is 
complete, as in the following formula : — 


/0C02lV[g0H TT /-\ 


In the case of deep well waters, the corrosive principles of which 
are chiefly the sulphates of iron and of aluminium, the metallic 
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oxides are precipitated by the carbonate of soda, and sulphate of 
soda is formed * — 

Fe.(SO,), + 3Na,CO, + sH.O - 3CO, + sNa.SO, H-Fe,(OH)„ 
Al,(SO,), + 3Na,CO, + 3 H ,0 = 3CO, + sNa^SO, + Al(OH),, 

It will be noted that the corrosive actions of sea water and deep 
well water are avoided by the use of carbonate of soda, and as for 
the encrusting effect, it will be seen that this salt acts energetically 
by precipitating the sulphate of calcium in the state of carbonate of 
calcium. In marine boilers, lime, caustic soda and zinc are much 
employed, but carbonate of soda, which is a very efficacious and 
economical remedy, is neglected, and this is a mistake. 

Caustic Baryta. — Caustic baryta is also an admirable remedy 
in the case of oncrusto-corrosive waters, sea water and deep well 
water. 

It acts not only on the cnciustation but also on the corrosive 
action. As regards the encrustation, wo have already examined its 
effect, and we have seen that it transforms the sulphate of calcium 
into sulphate of barium, which docs not adhere to the lx>iler-platcs 
On these corrosive bodies, it also acts energetically, thus in 
reaction with chloride of magnesium at boiling-point oxide of 
magnesium is rapidly precipitated ’ — 

MgCl, + Ba(OH), « BaCb + Mg(OH),. 

The chloride of bariuin thus obtained preci[>itat(‘s tin' sulphate 
of calcium in its turn. 

On the sulphates of iron and of aluminium, contained in l;ug(' 
proportions in deep well vvatei, it reacts witlv the fonnatiou and 
precipitation of the coirevsjjondmg metallic oxide, and tlu‘ siil plume 
acid is saturated by the caustic baryta and foims sulphate^ f)f 
barium : — 

Fe,(SO,), -h 3Ba(.()II), - sHaSO, + hV,(()II)„. 

It will thus be seen that the caustic baryta is a useful reined)' 
against scale and conosive action. It is lluTcfore a much better 
thing to use than limc‘, which instead of j^reventing enerustation 
increases it. Lime may thcrcfoie be advantageously replaced by 
caustic baryta in the treatment of cncrusto-coirosive watc'is 

Carbonate of Barium. — Carbonate of barium is a by-product of 
sugar refinery, and may be advantageously used with dee]> well 
waters. Even m a cold bath it precipitates the metallic oxides of 
the salts which are most injurious, that is to say sulphate of iron and 
sulphate of aluminium When, however, the water contains chloride 
of magnesium, carbonate of barium does not act upon it as an anti- 
corrosive. 
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Alkaline Borates and Silicates. — We have examined the influence 
-of several salts on encrusto-corrosive waters. 

By usings borax, that is to say tetra-borate of sodium, NagBo^O^, 
the salts of iron and of aluminium in deep well waters are precipitated 
^ven in the cold bath, and the calcic compounds are also thrown 
down as borate of calcium CaBo^O^. 

The acids of the salts precipitated by the borax are saturated b}' 
the alkaline metal, and form corresponding salts. As for the salts 
of magnesium, borax does not precipitate them in a cold solution, 
but under the influence of heat forms a white precipitate with them 
-of normal borate or ortho-borate of magnesium MggCBoOg)^. Un- 
fortunately borax is a costly remedy, although the precipitates 
may be treated for the recovery of the boric acid 

Silicate of potassium gives good results with encrusto-corrosive 
waters The salts of calcium are precipitated by its action in the 
form of white gelatinous bodies insoluble in water, CaOgSiOg + 
HgO. 

The salts of magnesium are also precipitated in the form of a 
white gelatinous product MgH4(Si03)3 with silicate of sodium. 

The salts of iron and of aluminium give precipitates of the cor- 
responding silicates. The alkaline silicates, therefore, are good 
remedies in dealing with encrusto-corrosive waters. 


Greasy Water, 

Water Contaminated with Vegetable and Animal Grease, — 
Hardly was the use of surface condensers adopted on board ship 
when all the naval powers awoke to the fact that far from giving the 
results that had been expected of them, corrosions became more 
frequent than before they were used. Inquiries were at once set on 
foot to determine the reason of these corrosions. In the boilers 
greasy deposits containing a large quantity of iron, and adhering 
tenaciously to the boiler-plates, were found 

The plates, no longer being wet, overheated, and loosening of 
rivets and leaks occurred. Several explanations were suggested, but 
that which seemed the most rational was that the trouble arose from 
the decomposition of saponifiable oils. 

The greases used in lubricating the working parts of the engine 
are decomposed by the high temperature 

This decomposition takes place just in the way that a fat is 
-decomposed by soap- or candle-makers to extract the glycerine from 
it, and in consequence the glycerine is set at liberty and dissolves 

in tbe water, and the fatty acids are formed. 

8 
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The fatty acids are led away by the steam with any part of the 
oil which IS not completely decomposed, and on reaching the boiler 
attack the plates very rapidly. The parts of the boiler where the 
plates are most under the influence of heat and where the water i.s 
agitated least are e.spccially attacked. 

The chief engineer of the French navy, Ortolan, report.s that 
analyses of the products of corrosion have been made at the United 
States arsenal at Brooklyn. They show the pre.sencc of oleate o£ 
copper and of zinc. 
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The chief chemist at the Brooklyn arsenal concliules from this 
that the copper is first attacked by the fatty acids and that tlie oleate 
of copper IS then decomposed by the iron of the boiler-plates 

Nevertheless it is not necessary tliat copper should be present, 
the iron may be attacked in any case, and if copper is found in 
analysing products of the corrosion of the iron it is noted also that 
it IS not in proportion to the large quantity of oxide of iron formed 
or to the proportion of fatty acids found in the boiler. 

Analyses made by Mercier of the greasy deposit in the slide box 
showed the following result : — 
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Peroxide of iron 

91*55 

Oleic acid 

5 60 

Unchanged oil 

2 60 

Loss 

•25 


100 00 


He exposed for a week in a steam chest working a beetling 
machine a bucket filled with scraps of iron impregnated with 
neutralised colza oil. At the end of this time he took out half a 
litre of a very thick brown oil, having a garlic-like odour similar to 



that which is noted when iron is acted upon by an acid This oil 
was completely soluble in ether, and contained 7 per cent, of iron 
The iron had been attacked by the oleic acid produced by the 
decomposition of the oil, and oleate of iron had been formed 

In contact with the air, this oleate of iron was oxidised, with the 
formation of peroxide of iron, and the oleic acid thus freed attacked 
the iron anew. The energy of the attack on the iron is in pro- 
portion to the temperature and pressure in the boiler. 

The wear caused by greasy deposits is very rapid, and many 
marine boilers have been most seriously damaged through this cause. 
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We may note as an instance the boilers of the RichclieUy which 
were stoked for the first time on 26th April, 1875. They had had 
2,880 hours of active service when a ministerial despatch of 30th 
January, 1880, ordered them to be repaired. The plates were then 
found to be hardly more than 4 to 5 millimetres in thicknes.s, and 
in one of them was found a hole covered over with rust. 

According to the report of Dupont, the engineer, 2,860 kilo- 
grammes of matter composed of a mixture of oxide of iron and 
salt were taken out of the boiler On consulting the log-book, it 
was found that the quantities of salt extracted each year had 
been . — 



KiloKiammes, 

1876 

1,786 

1877 


1878 

1,828 

1879 

8,808 

i8«o 

28,680 


The figures in the last line of course include the amount of salt taken 
out of the boiler during the repairs at Toulon 

All the deposits found in the different paits of the boiler weie 
mixed and gave on analysis — 


Scsquioxidti of non 

7() 000 

Fatty bodies 

8 000 

Sulphuric acid 

2 lOi 

Lime 

2 Olf) 

Potash and soda 

I 600 

Caibonic acid 

I 58 1 

Watei 

1 p>o 

Oxide ol 2111c 

> 'MS 

Chloiine 

0 Sqs 

Magnesia 

0 ()lo 

Oxide of coppcM 

0 Si-! 

Loss 

0 


100 000 

Several remedies have been proposed to avoid the 

absolut(.‘ly 


disastrous effect of greasy water and Iletet .suggests the employ- 
ment of lime. The oleic acid combines with lime to foim oleate of 
calcium in an excessively fine and spongy powder. This powder is 
easily kept in suspension by the currents m the water or float.s on 
the surface, and deposits when the fire i.s drawn in the form of a 
non-adherent sand. Theoretically onc-cighth of a part of slaked 
lime is needed for one part of a fatty body, but in practice this 
proportion is doubled. 

When distilled water is to be used for drinking purposes it i.s 
first filtered through animal charcoal When caustic soda is used 
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in the treatment of greasy water, soluble alkaline soaps are formed, 
which are worked up in the boiler , moreover it is a costly remedy. 

Apparatus is also used in purifying these waters. These de- 
pend upon the use of lime followed by filtering, and that of Selden, 
which has been largely used in America, will be described in a later 
chapter. 

It may be added that the soap formed either m softening with 
lime or by the combination of the fatty acids with the calcic salts, 
is troublesome in the boiler. This lime soap is very light and is 
not moistened by the water, as it is surrounded by a thin envelope 
of unchanged oil. 

Mineral Oils in the Water. — For some years mineral oils have 
been used m the lubrication of many machines The heavy mineral 
oils in particular are constantly used as lubricants. In spite of 
the fact that the carbides of hydrogen, that is to say the series of 
mineral oils, do not undergo analogous transformations to those of 
the vegetable and animal oils, nevertheless when they get into the 
boilers they form troublesome greasy deposits. 

When the boiler is emptied, the oil mixes with the oxide of iron 
and forms a scale on the boiler-plates preventing the proper trans- 
mission of heat and becoming an element of danger Steam is 
produced with difficulty, and the bad conductibility of the scale 
leads to the overheating of the plates 

Although mineral oil does not produce corrosions, it must never- 
theless be prevented from entering the boilers for these reasons. 

Many methods have been used, and one of them, suggested by 
Normand, consists m using a sponge filter This is now the uni- 
versally adopted method Befoie the water passes into the boiler 
it goes through a box containing a series of sponges It is forced 
m by a pump at the top end of this filter, and admitted into the 
boiler at the lower end 

At certain intervals the sponges are taken out, pressed and 
cleaned, and put back into the filter 

To avoid these greasy deposits, another method employed is to 
run off the surface water in the boilers by means of a tap, properly 
placed on the boiler. In this way not only the oil but all the 
matters floating on the water can be run off when the tap is turned. 

Greasy deposits are also avoided by reducing the lubrication of 
the engine to a minimum When the steam is wet, the engine is 
not lubricated at all, or merely a few drops of oil are used 

Separation of Oil from Steam. — The oil led away by the steam 
may be separated out by escape pipes. 

In G. Hoppenstedt's apparatus the steam is let into a funnel- 
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like box and passes over a helical arrangement, on the blades of 
which it leaves its water of condensation and greasy matter. 

The steam continues its course and escapes by a pipe at the 
upper part of the apparatus. As for the water of condensation and 
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gieasy mattoi on (i. HoppenstocU’s systom 

the fatty matter, they run into a reservoir down a lateral tube, and in 
this vessel the oil is separated from the water by means of tajis, and 
may be used anew. 

L G. Dehnc & Mall also make an apparatus for the same 
purpose. 



CHAPTER V 


WATER IN DYE-WORKS, PRINT-WORKS AND BLEACH-WORKS 

Many accidents in dye-works, print-works and bleach-works have 
their origin in the water employed. Even the temperature of the 
water is of great importance, and nevertheless is frequently neg- 
lected The dyer should always use water at the same temperature, 
an order always to work under the same conditions 

' If, for instance, the water used for rinsing is cold, as in winter, 
the soap is dissolved with difficulty, the work is defective, and 
the rinsed stuffs have a clammy feel. In the winter, therefore, the 
rinsing water should be made lukewarm. 

If, on the other hand, the water is too hot, the colours may run 
and bleed on to the whites, especially if the rinsing is earned on too 
long. On the other hand, the thickenings used in printing pastes 
are more easily dissolved in hot water The water used, however, 
should be at a temperature of less than 30 " C. 

Some colouring matters aie o.vidised when the water employed 
contains air In the case of indigo white, for instance, it is trans- 
formed into in.soluble indigo blue by oxidation, as shown by the 
icaction — 

C,„Hi,N,0, + 0 = 3C,H,N0 + H,0 
Or as a constitutional formula — 

^ - OH OH - 

C„H/r)CH-CH (|>t„H, 

- O - 0 - ^ 

+ 0 = C,H / I \ CH - CH { 1 y„H, + Hp. 
\n/ 

Waters which contain organic matters may bring about the 
putrefaction of the extracts used, and prevent them from keeping. 
It is therefore advisable to filter water before it is used in making 
.an extract for dyeing or printing. 

A water may make a good dye-bath with one, colouring matter, 

( 119 ) 
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and a very bad one with another. Nevertheless, as a general rule 
in dye-works, as pure a water as possible .sh()uld always be used. 
The colouring matters seem to be the more soluble in water, as 
they are richer in oxygen 

Indigotin, the formula of which is a body poor in 

oxygen, is completely insoluble in water. Alizarin, a 

colouring matter richer in oxygen, is sliglitly soluble, biazilin, with 
the formula very rich in oxygen, is very soluble in water. 

However, we cannot insist upon this as a liard and fast rule, as the 
solubility of colouring matters is not always in direct pioportion 
to their degree of oxidation ; for instance, if a colouring matter a.s 
the result of oxidation is transformed into a substance analogous to 
a resinoid its solubility in water is diminished. The nature of the 
water plays an important part in the solution of colouring mattcis, 
and calcareous waters have a special effect on the colouung matter. 

Aniline colours, such as magenta, the soluble blues, methyl violet, 
malachite green, and safraninc, dissolve badly in calcareous waters 
A heavy, tar-like ])rccipitate is formed, which leads to poor shades 
and uneven dyeing These waleis may nevertheless be used, cither 
after a preliminary softening, or by the addition of acetic ,icid in 
sufficient quantity to ncutrali.se the action of the lime, and piojxu*- 
tional to the hardness of the water The matteis in solution m the 
water hav(i a considerable influence on the colouiing m<ittei WHumi 
safraninc or magenta, for instance, are not dissolved in pun^ walci, 
the colouring matter rapidly changes, and loses its strength 

Uye-baths of these colouring matters should be prepaivd im- 
mediately before u.se, and with pure water In tht‘ case of tin* 
soluble blues, solutions may be prepared in advame with boiling 
water As a general rule, calcareous waters are unsuitable lor tlu^ 
preparation of solutions of coloiuing m<ittcrs, thus 

1. The denvativcs of tnphcnylmcthane Magenta or hydro- 
chloride of rosaniline, 

.. rr /Cl I., 

Cl - C— C„H, - NHl 

\c„H, - Nn; 

and acid magenta, .sodium salt of the trisiilphonic acids of rosaniline 
(the shade given by this dye-stuff is di.scolourcd by alkalies, but the 
colour returns after a passage through an acid bath), xanthine, ro.s- 
aniline and diphenylamine blue, azuline, FIofmann\s violet, Paris 
violet, benzyl violet, malachite green, Victoria blue, night blue and 
auramine. 

2. The phtaleines : Coeruleine, eosine, fluoresceine, etc. 
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3. The safranines . Pheno-safranine, safranine and amethyst 

4. Animal colouring matters : Cochineal and kermes. 

5 Vegetable colouring matters • Cutch, valonia, galls, knoppern,. 
gambier, kino, sumach and madder. 

If calcareous waters as a rule are unsuitable in dyeing and 
textile printing, on the other hand when logwood or weld is dyed 
on a mordant of iron or aluminium, the presence of the salts of lime 
is indispensable. This is an exception to the rule, however. In 
extracting the colouring matter from the dyewoods lime in the 
water is very harmful. In dyeing Turkey red or cochineal scarlet, 
which IS done in an acid bath, their presence flattens the shade 
produced and wastes the colouring matter 

Bismarck brown, an azo colour, gives much darker shades in 
calcareous waters than when a soft water is used 

Lime in the water is just as harmful in mordanting It weakens 
the baths by precipitating the salts of aluminium and of iron. It 
decreases or neutralises the acidity of the bath, and transforms the 
bichromates into neutral chromate In madder baths a change in 
the shade produced by the lime is very noticeable, the pure red 
becomes a violet. The presence of the lime causes other troubles 
in madder dyeing The carbonate of lime in the water very easily 
precipitates on the goods It spots the whites, and becomes a 
centre of attraction for colouring matter. This trouble is noticeable 
even in the preliminary processes of madder dyeing The tem- 
perature is sufficient when the goods are wetted out to precipitate 
the carbonate of lime, which adheres firmly to the fibre 

If waters containing calcic salts are used in clearing madder 
shades with soap, for the sake of economy the soap should not be 
dissolved until after the water is corrected with soda or caustic 
soda, <iccoiditig as to whether it is a carbonate or a sulphate water 
These drugs are ladled into the water, which is then boiled, and 
decanted from the precipitate. The water is then ready to be made 
into a soap bath 

The influence of the lime in the water varies with the kind of 
madder used There forms a binary lake of madder with the lime, 
and this is fixed on the mordanted cloths This lake according to 
Schlumbcrger is much faster than the simple aluminium lake 

Alsace madder, which is acid, suffers no appreciable loss when 
calcaieous waters are used, and as a matter of fact carbonate of 
calcium IS added to the bath m order to obtain fast shades. In 
preparing the bath, and choosing the water, the composition of the 
madder has therefore to be taken into account. 

Avignon madder, on the other hand, has an alkaline reaction- 
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It contains calcareous salts and therefore the presence of lime in 
the water is harmful in dyeing with it 

Water containing no hme must therefore be used, or the bath 
must be corrected for lime before the colouring matter is put in. 

Rosensthiel has shown that chemically pure alizarin in solution 
in distilled water does not completely saturate the mordants of iron 
and aluminium, and that to obtain this saturation a little caibonate 
of calcium must be added to the bath. On the other hand, when a 
calcareous water is used, the carbonic acid is freed, carbonate o( 
calcium IS precipitated by the heat, and the bath takes a violet 
colour as the result of the formation of a comi>ound of Hme and 
alizarin. If the bath is brought to the boil, the lime lake deposits 
in the form of a vujlct iDowder, and the bath is thrown out of work 

On bubbling carbonic acid through it, the lake dissolves, and 
the bath may again be used Wc may conclude from this that to 
fix as completely as possible pure alizarin on a mordant of iron or 
aluminium, it is necessary to add lime to the bath In this way a 
colour IS fixed on the fibre which is a ternary compound of the 
dye-stuff and the (jxides of hme and of iron or aluminium Thv 
fullest shade is produced with a given ([uantity of dye-stuff when 
there IS an equivalent of colouring matter and of c«ubon,itc of 
calcium in the bath. 

Although alizarin, which when aitificially prt‘j).Lie(l is derived 
from anthniccne, cannot he dyed from a bath of distilled watei, 
pinjiiirm, also derived fiom anthraccaie, ^oes well on to moKhmtt'd 
clotli from a bath of pure water Nevcrtlielcss lo gel tlie best 3'ield 
from the bath, caibonalc of calcium must be added 111 the s<ime 
piopoition as in alizarin dyeing y\lizann and purpuiin au‘ the 
most important colouring matters in dyeing Maddei conLains tlm‘C‘ 
colouiing matters, alizarin, puii)uiin and pseudo-|)urpiii in, and in 
dyeing with artifici<il alizarin as in dyeing with madder the b<ith 
should not contain hme, but the proper proportion of carbonatt* of 
lime should be added to it. 

Acetate of Hme has been proposed by Rosensthiel <is an advan- 
tageous substitute for carbonate of calcium in alizaiin and purpunn 
dyeing In madder dyeing, the analysis of the madder must be 
•co-ordinatcd with that of the water in order to obtain the maximum 
tinctorial yield. 

When calcareous waters are used, wools are imperfectly freed 
from grease and sumt, an insoluble soap forms with the fatty matter 
in the wool and the metals of the alkaline earths, and this is fixed 
on the fibres. 

As a result of this the dye-liquor is irregularly absorbed. The 
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stuff is unevenly dyed and spotted in places, and much of the dye- 
stuff in the bath is wasted. 

In washing woollen goods after dyeing, if calcareous waters are 
used they take a dull shade or a gloss which is not natural, at the 
same time weakening the colour 

Several dyers have sent us samples of water with which it has 
been impossible to dye. They contained so large a pioportion of 
salts of the alkaline earth that a dye-bath made with them pre- 
cipitated lakes of the colouring matter. This can be avoided by 
softening the water before using, or by neutralising the action of 
the salt with an acid. 

In cloth bleaching the nature of the water used is of great 
importance, and to obtain good and regular results the works must 
be supplied with pure water. Calcareous waters are particularly 
harmful, as the compounds formed by the various lyes and the 
gummy matters are difficult to dissolve and adhere firmly to the 
fibre Moreover, calcareous water is very wasteful of soap. 

In bleaching cotton goods by Lunge’s chloride of lime process, 
water containing an appreciable quantity of calcareous salts cannot 
be used Such a w.iter of course may be corrected by ascertaining 
the proportion of the salts contained in it, and neutralising them 
with the proper amount of acetic acid, and the process is often com- 
menced by neutralising the carbonate of calcium in the water with 
either hydrochloric or sulphuric acid, after which a little of a weak 
organic acid, such as acetic acid, is added. 

In bleaching with peroxide of hydrogen, or peroxide of sodium, 
a water as free as possible from the salts of lime must be used. It 
must specially be noted that if the waters employed contain non 
salts in solution, they aie altogether unsuitable for dyeing or print- 
ing with alizarin, or for any of the coal-tar colours that are fixed on 
.1 tannin mordant 

J^'erric h\Tlrate forms iron lakes with various dye-stuffs such as 
hjgwood, curcuma and cochineal, in which the iron is in the form of 
a protoxide 

In indigo dyeing, the iron in the water is of less consequence. 

A ferruginous water cannot be used at all in bleaching, as the 
non forms salts with the soda lyes and the salts of lime, and spots 
the cloth or yarn with yellow. If this happens the goods must be 
passed through a hydrochloric acid bath, in order to transform the 
iron into a soluble chloride This after-treatment, however, is not 
always efficacious, and it is often necessary to pass the goods through 
a warm bath of oxalic acid in order to obtain oxalate of iron, which 
is very soluble in water. This process must be carried out very 
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carefully, and as soon as the yellow spots disappear the goods must 
be passed through a bath of clean water, so as to stop the action of 
the oxalic acid, which would weaken the fibres if prolonged un- 
necessarily. 

The formation of the ferric hydrates must be prevented by 
using water free from salts of iron, or the ferric hydrate must be 
eliminated from the goods by the process which we have described, 
as It not only spots the goods but actually makes holes in them. 

Ferric oxide burns the organic matters and this exiilains many 
faults in dyeing and printing. The destructive effect is caused by 
the feme oxide parting with its oxygen The oxide of iron formed 
by this reduction is then ready to take back ()xygon from the air 
and to commence its woik of destruction. Dull and fiat shades are 
produced when the dye-bath is made up with water containing iron, 
and this is most noticeable in dyeing on a mordant. 

In dye-houses <uid bleach- works troubles often arise and goods 
are spotted when condenser water is used from the waste steam 

When certain anti-scale compounds are used in the boiler, 
the water often contains these jjrodiicts which are carried off b)' 
the steam, either as they were introducefl into the boiler or de- 
composed Conscientious manufacluicrs of anti-scale sjiecialitics 
modify their composition when they are informed that the}^ aie to 
be employed in the boilers of dye-houses or ble.ich- works, that 

the condenser water is to he used m the butlis If this is not doin', 
all sorts of faults occur in the processes, and they are (hnicult to 
remedy, as tlie composition of these picjiarations is kept as scciet 
<is possible by the manufacturers who make them a sjicciality 
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Raw wool as it comes from the sheep’s back contains a fatty matter 
secreted by the animal known as suint This fat, which adheres 
strongly to the fibre, can only be eliminated by a special treatment 
which is the preliminary process in the linen industry 

Desuinting and degreasing wool need large quantities of water, 
and the composition of this has a considerable influence on the 
success of the operation, and is capable even of changing the 
nature of the fibre. The quality of the water used in this first 
operation is often the cause of failure in the subsequent processes 
which the wool undergoes Thus when wool is washed with a hard 
water the permeability of the fibre is diminished, and this interferes 
with the regular fixation of the mordants and colouring matters, 
and consequently an uneven shade is produced in the dye-bath 
When the water is muddy, the earthy matter adheres to the fibre, 
and is difficult to get rid of 

wSuint is composed of carbonate, chloride and acetate of potas- 
sium, all soluble salts, and of a fatty matter In addition to these 
substances, some wools also contain earth}' matters Merino wools 
lose as much as 70 per cent, of their weight in degi easing It might 
bethought that the foreign matters in the wool could be complete!} 
eliminated by a simple washing m warm water, in view of the com- 
position of the suint and its soapy property This is not so, however, 
as washing in water alone always leaves a little of the fatty matter 
behind 

The desuinting may be done with ordinary water. 

It must be noted that the water must never be brought near 
the boiling-point There is a danger of damaging the fibre if the 
temperature exceeds 60° C. It has been noted in practice that the 
desuinting of wool is done more easily in short baths. In this way, 
that is to say with a minimum of water, the suint acts like a soap, 
the fat combining with the alkaline matter, and in consequence all 
the grease and other matters adhering to the fibre are washed off 

( 125 ) 



126 


INDUSTRIAL USES OF WATER. 


The more the wool loses m desuinting, the better quality it is. 
Coarse wools lose much less than fine, about 36 per cent, of their 
total weight instead of 45 per cent. 

In degreasing wool, that is to say in getting rid of the last traces 
of fatty matter, the nature of the water is of first importance. 

This process is usually carried out with the salts of potash, and 
if the water used contains salts of lime there is a great waste of soap 
Soap to begin with is neutralised by the salts of lime, and wastes its 
action on them until it has converted the whole into an insoluble 
soap. The calcareous insoluble soap thus formed is deposited on 
the fibre and adheres to it Under these conditions, the wool cannot 
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be completely freed fiom grease, .ind tiouble arises in ev'cry subse- 
(picnt process thiough which it passes 

To remedy this tl^ie water must he softemed before use by thc‘ 
addition of an alkali, soda or potash. Potash is bcltei than soda, 
as although both alkalis attack wool,])Otash does so to a less extent 
than soda. Calcareous waters are also harmful in the i)reliininary 
treatment of cotton, silk, linen and hemp 

The studies of Ph-emy have shown us that the fibies and cells 
of textiles are united by a sort of vegetable cement, composed of 
vasculose, cutosc, pectosc and its derivatives, pectme, para-pectinc, 
meta-pcctine, mcta-pectic acid, para-pectic acid and pectic acid. 

Hemp or flax is retted in order to free the fibre from its woody 
covering, and to prepare it for spinning. Water is used for this 
purpose and in some cases an alkali is added to it. In retting the 
solvent action of the water depends on the transformation of the 
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pectose, which constitutes the major part of the vegetable cement, 
into pectine, a body which is soluble in water. 

This transformation produces pectase under the influence of a 
special ferment found in the vegetable matter Retting therefore 
should be carried out under the most favourable circumstances for 
the setting up of fermentation. Pectine is also transformed into- 
other bodies soluble in water, the meta-pectic acids. 

Three ordinary methods are used in retting hemp and flax 

I. Retting in running water. 

2 Retting in stagnant water. 

3 Grass retting 

To these may be added a mixed process, in which the plant is 
treated both on the grass and in water. Other methods of treating 
hemp and flax might be cited which aim at the improvement or 
the suppression of the retting process 

We have to consider here, however, the method of retting in 
running or stagnant water. In retting as a rule a too calcareous 
water is avoided Nevertheless in retting in running water it is 
preferable that the water should contain a little lime when fine 
fibies arc under treatment The lime slackens the energ\^ of the 
pectic fermcntdtion, and consequently there is less danger of damage 
to the fibre For the same leason the water should be cold. 

When running water is employed, the curient must not be ver}^ 
fast, or the fibres will be destioyed, damaged, or carried away. The 
water of the Lys is lenowmed as veiy suitable for retting. Never- 
theless if it.s comi^osition is examined it will be found that it is 
almost normal 

The Lys water contiins per litre — 


Litres 

Dissolved air o oj .6 

C.ubonic--acid tjas o 005 

Cirammes 

Sulphate of liinc o 015 

C.iibon.ite of hmc 0070 

Nituitc and chloiide ot magnesia 0005 

Bicaibonate of potash Tiaces 

Chloiide ot sodium 


xAccording to Charpentier, the justly appreciated value of the 
Lys water for retting depends upon the extent to which it is used 
for this purpose. 

The constant and abundant supply of the plant keeps the 
water in a constantly favourable state for the setting up of fermenta- 
tion and facilitates the operation. 

CharpentieFs views on the matter are corroborated by the fact 
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that retting in fresh water gives a less satisfactory result than in 
water that has already been used. 

Retting in stagnant water is done m pits, and the flax remains 
in the water for twelve days or so, according to the temperature and 
the quality of the water. The practice of retting in stagnant water 
requires greater attention than in running water, on account of the 
large quantity of gummy matters dissolved, which remaining in the 
water interfere with the processes of solution, and consequently with 
the steady progress of the operations. The fermenting action and 
the production of the pcctase ferment must be aided, and therefore 
the water in the pits is renewed as frequently as j^ossible. 



I'ui 61 — Retting pits loi lla\ 


The results of the following analysis may be taken as rejiresent- 
!ing the average composition of tlie water after the retting operation. 


Carbon p > b() 

Hycliogen I .j.i 

Oxygen 20 So 

N iti ogen 2 2 f 

Ash 


100*00 

The analysis of the ash according to Kane gives on the average * — 

Potash 9 78 

Soda 9*82 

Lime 12 33 

Magnesia 7*79 

Alumina 6*08 

Silica 21*35 

Phosphoric acid io<84 

Chlorine 2*41 

Carbonic acid 1^*95 

Sulphuric acid 2*65 


100*00 
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Ferruginous water is not suitable for retting. It produces a 
brown coloration on the fibre, which is difficult to remove. 

Elder leaves are thrown into the retting pits in order to neutralise 
the action of the iron in the water. The fibre obtained from flax 
by retting in water represents about five-sixths of the weight of 
the treated stem. After retting the stem is dried and then 
stripped. 

Just as in the case of stagnant water, the residuary waters from 
retting in a current contain nitrogenous organic matters, which con- 
stitute a veritable source of infection A danger to the public health 
arises if these waters are run off into a stream. The residuary 
water contains valuable fertilisers, and the farmers can use them 
profitably. When the retting is done in pits it is easil}^ applicable 
for this purpose. 

Silk is composed of fibroine or pure fibre and a gummy matter 
which must be completely got rid of before the silk is dyed. The 
•calcareous waters are unsuitable m reeling the silk from the cocoon, 
as the salts of lime precipitate, adhere closely to the fibre, and com- 
pletely spoil the subsequent processes 

Before scouring or ungumming raw silk, that is to say the first 
boiling of the silk to eliminate the bulk of the gummy matter it 
•contains before it is sent to the dyer, if calcareous waters have been 
used the silk must be carefully washed or faults will occur in the 
subsequent processes. Experience shows that a raw silk which on 
analysis gives more than lo per cent, of ash is in the worst possible 
condition for the scouring and subsequent operations 

In fact on boiling off such a silk, which is done by treating it in 
a hot soap bath, the silk takes a dull shade to begin with, and then 
insoluble lime compounds form by the action of the soluble soap 
on the salts in the water used for reeling, which are now fixed on 
the silk fibre. These lime soaps deposit on the stuff and even 
penetrate the fibre As a consequence the lustre of the silk is spoilt, 
and uneven shades are produced in dyeing. 

When therefore the raw silk has been reeled through calcareous 
water, the silk must be washed in a water slightly soured with 
hydrochloric acid. This bath dissolves all the salts which adhere 
to the fibre, and is followed by a passage through a weakly alkaline 
bath to neutralise the acidity. 

The operation is finished by washing the silk in pure water, 
which eliminates all the salts, which have thus been made soluble, 
and the washing is continued until the wash waters are entirely 
neutral, the test being made as usual with litmus paper. In this 
way mishaps in the subsequent operations are avoided. 

9 
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Nevertheless it is preferable, whether the fibre treated is silk,, 
woollen or cotton, to commence by softening the water 

In the textile industries the water is frequently treated very 
simply with carbonate of soda m special tanks, where it is allowed 
to settle, to separate it from the deposited matter. 

In the official establishments known as conditioning houses,, 
lime in the water may cause serious miscalculations in the results 
obtained by analysis. The conditioning of textiles, pure and simple, 
is the determination of their hygrometric condition, in order to ascer- 
tain what amount of water has been added to them artificially, but 
the public conditioning houses frequently make complete analyses 
of the fibre. When silk is boiled off in the conditioning house, to 
ascertain to what extent it has been weighted, the nature of the 
water used has a great influence on the results obtained by the 
operation, which consists in two successive boilings of half an hour 
each in a soap bath. In testing the same silk in different condition- 
ing houses, the figures found show very variable results, and this is 
the consequence of the different character of the waters used. 

Thus, silk boiled off in distilled water at Lyons shows a loss of 
2 per cent, more than the same silk boiled off in Rhone water, 
which marks hardly more than 17 hydiotimetric degrees. In boil- 
ing off silks therefore, pure water should always be used In the 
same way, in quantifying any artificial additions to wool, jjuie water 
must be used, otherwise the weight of the wool is often gre<iter <ifter 
than before washing. 

Very pure water is needed in washing wools, the more so tlial 
the difference between the wciglit before and after waslnng is often 
very slight, so that impurities in the water easily lead to mistakes 

In conditioning houses, and in all laboratories wheie similar 
tests arc made, distilled water or softened water must alwa}’s be 
used, and when the latter is employed its hydrotimetiic degree 
must not exceed 2 to 3". 

In such establishments there should be a large enough plant to 
provide a constant supply of distilled water in abundance, and this 
should be used in preference to softened water. 
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WATER IN SOAP-WORKS. 

Waters which contain too large a quantity of the salts of calcium 
or of magnesium lead to a waste of the alkaline lyes used in soap- 
works, but when such waters alone are obtainable they can be 
corrected. Soda or potash lye reacts on the calcium salts, precipi- 
tating them in the form of carbonate of calcium, an insoluble body 
which is harmful in the subsequent processes of soap-making. 

In order to avoid incorporating a certain quantity of carbonate 
of calcium in the soap, and in consequence aiding the formation of 
insoluble soaps of the metals of the alkaline earths, the salts of 
calcium and of magnesium should be precipitated and separated 
out of the water to begin with. 

From the point of view of economy, it is best to use a water 
containing the least possible amount of salts of lime or magnesia 
in solution. 

When the water contains a heavy proportion of chlorides and 
of soluble sulphates, the first operation of soap-making is badly 
carried out. This first process consists in boiling the oil or fat with 
a weak caustic lye, and the yield and quality of the soap depend 
upon it. 

Such waters, however, may be used in making the brine which 
serves to salt out the soap, a process which depends upon the 
insolubility of soap in solutions of sea salt and in concentrated 
solutions of caustic soda and potash. 

The soda or potash lyes must not be prepared with water 
charged with sea salt, sulphate of sodium, sulphate of potassium 
and sulphate of magnesium, as such waters introduce compounds 
into the water which are sources of trouble in the subsequent 
operations If a pure water is not available, condenser water should 
be used. 

If the water supply of the soap-works contains matters in sus- 
pension, such as traces of oiganic and earthy matters, a simple 
filtration through several successive layers of gravel and sand, the 
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Kilos 

The Loire at Nantes 

o’sso 

The Grenelle well 

o*goo 

Artesian well at Passy 

i-ioo 

The Soude 

1*350 

The Somme-Soude 

1*350 

The Somme, junction with the Marne 

I ’400 

The Rhone 

1*500 

The Sa 6 ne 

1*500 

The Yonne 

1*500 

The Seme at the Ivry Bridge 

1*500 

The Vanne 

1*800 to 2 

The Seine at Chaillot 

2*300 

The Marne at Charenton 

2*300 

The Oise at Ponloise 

2*100 

The Dhiiis at its souice 

2*500 

The Escaut at Valenciennes 

2*550 

The Oureq Canal 

5 000 

Arcueil watei 

2 800 

Pres vSt Geivais water 

7*200 

Belleville water 

12 800 

These last waters are so bad that they 

cannot be used for 


industrial purposes, and are hardly fit for anythinj^ but watennjr the 
streets Waters marking IS to i8 hydroUinetnc decrees arc suitable 
for laundry pur{)oscs, higher than 22" they should not be emplo^'ccl. 

Carbonate wateis should be corrected by th(‘ «iddition of car- 
bonate of soda in the ciuantity considered ,is normal to wash well 
The salts of soda used in the Liundiy will vai) in (juantity «iccord- 
iiiR to the nature of the water. 

In practice, the lessive where SeiiU' watei is iisc‘d is made with 
1 8 to 20 kiloi^rainines of 75" soda per th()us«ind kiloj^raiiiines of 
^oods to be washed 

With Vanne water nearly 28 kiloj^rainmes of 75" soda aie used 
for the same quantity of ^oods. 

Generally .spcakinj^^ a calcareous water can be softened by the 
addition of a soda salt. The increase of the hydiotimelnc degree 
of the water leads to a higher expense in the soda, soap and eau 
dc Javellc used in the laundry. 

Some soft waters, as for instance those of the artesian wells at 
Grenellc and Passy, effect a very considerable economy in the pro- 
ducts used in the laundry. Rain water is the most economical of 
all sources of supply. 

It is well to remark, however, that hard water can be used in 
rinsing and blueing the goods. 

Where an unsuitable water is gsed in the laundry, the goods will 
often be spotted with mineral or organic colouring matters in solution 
in the water in spite of the blueing. 
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WATER IN TANNING 

Tannery work necessitates the employment of a huge quantity of 
water, both in the unhairing process and in the tan-pit 

The salts in solution in the water have a considerable influence 
on the results obtained Before transforming the hides into leather, 
that IS to say an imputrescible and supple product insoluble in 
water, and made very resistant by the tanning process, the hides 
are unhaired 

The unhairmg of the soft skins consists in loosening the bulbous 
roots of the hairs by saponifying the greasy matter secreted by 
the small hair glands. This is done with such an agent as 
quicklime, and the water used has a considerable effect on the 
operation. 

If the water contains a large proportion of carbonate of calcium, 
the excess of carbonic acid produces a precipitate of carbonate of 
calcium, and this deposits in the dermic tissue 

This deposit interferes with the absorption of the tannin in the 
cells of the hide, and retards the tanning process. The carbonate 
of lime IS also the cause of brown stains on the leather. 

In the tan-pits the carbonate of lime is transformed into tannate 
of lime which oxidises rapidly in the air, and according to Buchner 
forms secondary products of tan-oxylic and tan-omelanic acids, 
givini’ a 1 eddish-brown coloration to leather which decreases its 
.market value 

This trouble also occurs when the water is charged with carbon- 
ate of magnesia, as tannate of magnesia gives secondary products in 
the same way After fleshing, the tanner should free the hide from 
lime, which if left becomes transformed into the carbonate. For 
this reason, attempts have been made to replace quicklime by other 
agents 

To free the water used in working the hides from the carbonates 
of lime and of magnesia in solution in it, lime is added to it in a 
•special tank. 

( 135 ) 
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Instead of thus precipitating the salts of lime or magnesia,. 
Villon proposes to correct the water directly with acids. 

In the presence of an excess of acid, the carbonate of lime and 
the carbonate of magnesia are transformed into soluble chlorides. 
In this way good results are obtained, and the leather is not damaged 
in any way. 

Tiie proportion of acid used is 20 grammes of hydrochloric acid 
at 20° H. per cubic metre of water for each hydroti metric degree. 

Nitric acid may be used instead, in the pro})ortion of 20 gratnines 
of nitric acid of 36'’ B., or acetic acid which is equally as good, and 
can be employed in the proportion of 25 grammes of 9" B. acid per 
cubic metre of water and per hydrotimetnc degree. We consider, 
however, that hydrochloric acid is the best agent to use fioin every 
point of view. 

Water charged with sulphates, such as sulphate of calcium 
and sulphate of magnesium, is far from being harmful in tanning 
operations. As a matter of fact if the tanner’s water does not 
contain sulphates he adds sulphate of calcium and sul])hate of 
magnesium to the water, using an excess of the latter drug. 

As for carbonate waters, they very easily deix)sit on the hides 
their carbonate of calcium and of magnesium. 

These two bodies are harmful in tanning, <ind lherc‘lore in 
working thick hides in running water the t«innei endeavours to 
sccuie a water containing plenty of carbonic acid, and hc‘ c.in do 
this by forming an <irtiruial wateifall, «ind thus ac*i<iting the sluMin. 

In the actual hinning operation, waters cont«iining tlu‘ carboiuiU's 
of lime and magnesia are all the inoie troublesome if the iinhaii mg 
has been done with lime. This remains in the cievic(‘s (»f tlu‘ 
dermic tissue, in spite of all attempts to free the hide liom it, and 
it facilitates as we have seen the precii)itation of the carbonate oi 
lime and of magnesia, which add to the (piantity of lime compounds 
already in the taii-pit. 

Waters containing gicase or salts of iron cannot be used in the 
tannery. 

In contact with the air, the ferrous salts in solution are cjinckl}' 
transformed into feme salts, which combine with the tannin and 
give the hides a black coloration of tannate of iron. 

These waters may be corrected for tannery purposes by a 
preliminary treatment with alum, chloride of barium, silicate of 
soda, or oxalic acid. 

The average proportion of these bodies added per cubic metre 
of water and per hydx'otimetric degree are 20 grammes of alum, 
16 grammes of chloride of barium, or 10 grammes of silicate of 
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sodium. The water is corrected with one of these reagents in a 
special tank and allowed to settle before it is used. 

As for the proportion of salts to introduce in the water, it is- 
best to make the calculation according to the hydrotimetric degree 
of the water, and we shall show how this is done in a later chapter. 

If it IS absolutely necessary to use waters charged with iron 
salts, the tanner commences by aerating the water as much as 
possible in order to transform the ferrous into ferric salts. A small 
quantity of soda or potash is added in a special tank. 

The oxide of iron is precipitated, the water is allowed to settle, 
and decanted, and thus freed from the iron primitively in solution 
in it, it can be used without inconvenience. 

In a later chapter, touching on brewery waters, we shall describe 
the means of eliminating iron in water, and these processes concern 
the tanner also. 



CHAPTER X. 


WATER IN PREPARING TANNIN AND DYE-WOOD EXTRACTS 

The manufacture of extracts has developed enormously of late 
years, as their use has been found so advantageous in tanning, 
dyeing and in the composition of colours for printing on cotton, 
woollen and silk. 

These extracts allow the dyer or printer to work with less bulk, 
and they contain the active principles of tannin matters or dye- 
woods. In pieparing them, the wood to begin with is shredded into 
a very finely divided state, in order to enable the water to penetrate 
the fibre better and dissolve the tannin and the colouring matters 

The quality of the extracts often depends upon the salts con- 
tained in the water used, and it may be said that the leputation of 
certain makers is due to the fact that they have taken into con- 
sideration the influence of the salts m the water on the active 
principles of the extracts Dyers and calico-printers extract the 
astringent matters they use, such as divi-divi, galls, suin.icli, etc , 
in a cold bath 

As in the case of thickenings used by textile-priutcis it is 
difficult to keep these extracts as they are fermentable, <uid their 
keeping qualities are all the poorer if the water used in making 
them contains germs, or decomposed mattei. The practice of 
making extracts varies m different print-works. 

The water is used either under pressure or heated to Ix'twecn 
6o and 70° C., or even almo.st cold, as in the diffusion process. 

Carbonate waters are altogether unsuitable in extracting the 
majority of the colouring matters. 

In the cold process of extracting tannin principles for use in 
making leather, it is necessary not only to use enormous quantities 
■of water, but also to have gigantic apparatuses, and the extract 
resulting from the operation is often too poor to be serviceable. 

On the other hand, the tannin matter obtained with steam or 
boiling water contains in addition to the active tannin principles 
resinoid matters and products of decomposition which are harmful 
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in tanning. The concentration of the tannic juice by evaporation 
of large masses of water leads to the precipitation of the salts 
primitively in solution in the water, and these are harmful in the 
tan-pits. 

Outside the precipitation of the salts of lime and magnesia which 
occurs, compounds of the tannic acids are formed with the metals 
of the alkaline earths, and the harmful action of these compounds 
is all the more pronounced the higher the hydrotimetric degree of 
the water. The presence of these salts also make the process 
slower, the deposits prevent the water from penetrating in the 
fibres, and a poorer extract is obtained. 

Iron in the water combines with the tannic acids, gallic, pyro- 
gallic, quercitannic, morintannic, catechutannic and gallotannic 
acids to form ferric compounds which give dark blue, greenish- 
olive and green precipitates, not only wasting the tannin matters 
but discolouring the hides 

By forming tannic compounds, waters containing lime and 
magnesia lead to loss in the tan-pits, therefore in preparing these 
extracts a pure water should be used or the water should be 
corrected before employment. 



CHAPTKR XI. 


WATER IN PAPER.MAKING 

In choosing the site for a paper-mill, the quality of the available 
water .should be the first consideration, as water plays a most 
important part in paper-making If water had to be u.sed just as it 
is, and without being corrected, some papers could not be made. 

Cigarette, filter, ti,ssuc.s, and other fine papers cannot be made 
with water containing impurities, whether the.se are m solution or 
in suspension. The mechanical impurities which might charge the 
paper pulp with hurtful matters arc happily easy to remove. 

Thus by passing the water through animal charcoal, it is 
perfectly filtered and even some bodies m solution are retained by 
the filler, but this piocess has been almost abandoned, because of 
its high cost, as animal charcoal quickly loses its filleiing power, 
and has to be revived. 

One of the most simple means to cleai tbe water from impuii- 
tics is to let it settle in huge lodges, but this method occasions a 
waste of time and moreover a large area for the lodges must be at 
the dispo.sal of the jiaper-makcr. 

Filters of gravel and sand have been used advantageously to 
free the water from suspended m.itter, and these give a leady 
and abundant supply. 

In the chapter treating of commercial filters, we shall describe 
.several with a huge output, taking up very little room and suitable 
in every way for a paper-mill. 

The purification can also be effected by decanting from a first 
tank and then filtering by successive passages through layers of 
gravel of diminishing thickness, finally running the water over a 
channel of sand. The water after this treatment, which is very 
inexpensive, is limpid, and is freed mechanically from the sub- 
stances it primitively contained. 

In some paper-mills the waters are softened by adding a little 
alum to them, a method which has been practised in the earliest 
times in China. 
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WATER IN PAPER-MAKING. I4I 

Water charged with iron salts is unfit for paper-making. Under 
the influence of an alkali the iron is precipitated, and gives the 
paper pulp a brown colour. In this way ferruginous waters do not 
allow light shades or art papers to be produced These iron salts 
have a still worse effect when the paper is sized. 

Salts such as the carbonate and sulphate of lime, and the 
chlorides, which have not much influence on the paper pulp, 
produce very serious troubles when the paper is sized. 

Formerly, the sizing was done with animal glue from which 
the chondnne was precipitated with alum to give the size better 
keeping properties, but vegetable size is almost entirely sub- 
stituted for this, and with this calcareous waters are particularly 
harmful 

In vegetable sizing, resin is precipitated from the solution of 
a resinate, and is fixed on the fibres of a paper. This precipitation 
is effected with various sulphates, but usually with alum. When 
this is used, a resinate of aluminium is formed, which is precipitated 
on the fibres 

Calcareous waters interfere with this precipitation, as the carbonic 
acid holding the carbonate of lime in solution in the water acts on 
the soda of the resinate of sodium soap primitively formed, giving 
carbonate of soda and precipitating the resin, which is not fixed on 
the fibres but combines with the lime to give a granulous soap 
which spoils the sizing operation. The same thing occurs when the 
water has been acidulated with hydrochloric or sulphuric acid, or 
even contains free chlorine 

In any of these cases, the re'=inate of sodium is decomposed, and 
the soda combines with the acid or chlorine to form chloride or 
sulphate of sodium 

The resin soap thus decomposed is fixed badly on the fibres of 
the paper. Alkaline water is also harmful in sizing, as double salt^ 
are formed with the alum and the alkali in the water, and these 
interfere with the subsequent formation of resinate of aluminium 

It is a good thing to put in an e.xcess of alum over the quantit}’ 
of resin used in making the resinate of sodium to begin with, in 
order that it can form double salts or compounds with the harmful 
salts of lime, iron or magnesia contained in the water. 

This is why in many English paper-mills rather more than 
a pound of alum is added to every pound of resin used. 

When the water is very calcareous, or contains salts of magnesia 
in solution, it must be corrected before being used in paper-making, 
and this entails a large expense. 

We shall examine certain processes in a special chapter on the 
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subject, but one of the simplest means consists in running the water 
through a filter of gravel and sand into a tank containing milk of 
lime in excess. The salts of lime and magnesia are thus precipi- 
tated, and the water, after settling and decanting, is usable, and 
moreover, the advantage has been gained of precipitating the ferric 
oxide from the salts of iron in solution. 



CHAPTER XII. 


WATER IN PHOTOGRAPHY. 

Photographic failures are often due to the composition of the 
water used m the processes. 

Photography depends upon the molecular transformations of 
certain bodies, such as the salts of silver, by light, and the reduc- 
tion of these salts by developing agents capable of reacting 
chemically. It is easy to understand that matters in solution in 
the water are also capable of giving rise to reactions, the effect of 
which may be harmful in the printing and developing processes. 

Preparation of the Emulsion. — In making gelatino-bromide 
glaze, it IS evident that the preparation of the emulsion must be 
clone with a water of a certain degree of purity. 

To begin with, it must be free from all solid matter in suspen- 
sion, as this would deposit on the layer of gelatine and produce 
spots on the proofs. 

In rainy weather the water is often yellow It holds earthy 
matters in solution, and these are harmful in preparing emulsions 
and in all photographic processes. 

This difficulty can be avoided by adding a little alum to the 
water— about half a gramme per litre The water thus treated is 
then allowed to settle, and after decantation is limpid and can be 
used without fear 

If the emulsion is too acid, the transformation of the pulverulent 
bromide of silver into granular bromide is retarded and the sensi- 
bility of the plate is diminished, and some makers prefer water 
charged with calcareous salts, because these salts neutralise the free 
nitric acid in the emulsion. 

As calcareous waters, however, produce insoluble compounds 
which diminish the sensibility of the emulsion, a more rational 
method is to correct the acidity with ammonia. 

The acid then combines with the alkali, producing nitrite of 
ammonium, a very soluble salt which the water easily eliminates. 
If the water in the first steps of the preparation of the emulsion. 
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need not be absolutely pure, this is necessary in the case of the 
water used for washing the prints This must be done with distilled 
water, with which there is no fear of harmful deposits. 

It must also be remaiked that waters containing chlorides, 
sulphides, etc., may produce bad results in preparing the emulsion. 
The bromide of silver is obtained by mixing two solution.s, a 
.solution of bromide of potassium and another of nitrate of silver, 
and at the same time that bromide of silver is precipitated chloride 
of silver is also thrown down if the water contains chlorides in 
solution : — 

AgNOj, -h NaCl = AgCl + NaNCV 

Thus a mixture of bromide and chloride of silver is obtained, 
with a resulting diminution in the sensitiveness of the film 

For this reason sea water could not be used, for instance, or the 
proportion of chloride of silver obtained would be enormous, seeing 
that there are from 30 to 35 grammes of chloride of sodium per litre 
in sea water. 

If sulphides are present, a precipitate of sulphide of silvei is 
obtained, and all the emulsion is wasted — 

2AgNOy + Na.^S - Ag.jS + 2NaN()y 

These waters containing sulphides, or sulphinettcd liydrogen, 
arc unfortunately very plentiful Pond water and running water, 
in particular, contain organic matters, with a consecjiient prescMue 
-of sulphides. 

Water even that has no sulphides in it m*iy become charged 
with them in its passage through caoutchouc tubing. To prevent 
this, the caoutchouc should be desulphurised by steejung it for 
some minutes in a boiling 5 per cent solution of potasli. 

'Phis done, the tube should be washed until it shows no further 
traces of alkalinity, that is to say, until the wash watei no longer 
turns red litmus paper blue. 

Development of the Negatives. — In developing negative.s, the 
quality of the water is of the greatest importance, so much so, in 
fact, that in many cases photography has to be given up for reasons 
which we will examine, or at least appropriate remedies have to 
be adopted. 

All water for photographic purposes must be carefully filtered. 
In this way deposits of matters in suspension on the gelatine plates, 
which subsequently form spots on the photograph, are avoided. 

Distilled water, which ought to be always employed, is not 
always available, as it may not be procurable in the out-of-the-way 
places where the photographer is obliged to operate. According 
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to the substances which it contains, ordinary water may lead to 
numerous accidents in the preparation of developing baths The 
developers are intended to precipitate the metallic silver from the 
bromide of silver by a reducing action, and if the water contains 
oxidising matters, or air in solution, the reducer is oxidised to some 
extent, and loses its reducing power to that same extent. 

Under these circumstances, developing baths of pyrogallic acid, 
hydroquinone, pyramidophenol, etc., are rapidly spoilt. Ferrous 
sulphate, for instance, rapidly becomes ferric sulphate, a salt which 
has no action on the nitrate of silver : — 

2FeS04 + O « Fe2(S04)2. 

If there is too much air in the water which has to be used, this 
can be easily got rid of by boiling it for some minutes. It is easy 
to note the action of the air, or rather of its oxygen, as the salts 
of iron and the pyrogallol turn rapidly brown if the bottles con- 
taining them are not carefully corked. 

If the waters are calcareous when the iron developer is dissolved 
in oxalate of potassium, a precipitate of oxalate of calcium is formed, 
which IS very harmful to the plate. The insoluble oxalate of 
calcium forms a crust on the film of gelatine, which has been 
softened by the different manipulations — 

K,C,0- + CaC03 = C,04 + K,CO,, 

The oxalate of calcium thus formed must be allowed to settle 
for some hours, and the solution may then be decanted off The 
use of calcareous water leads to a loss of neutral oxalate of potas- 
sium, and the bath is then utilisable. 

The carbonate of calcium kept in a state of solution in the water 
by the excess of carbonic acid should be got rid of to begin with, 
and to do this it is merely necessary to bring the water to the boil 
for a few^ minutes in order to precipitate the carbonate of calcium, 
then allow to settle and decant. The water then no longer gives a 
precipitate with the oxalate 

The preparation of ferrous sulphate in solution at the first glance 
does not seem to require a water free from calcareous salts. Never- 
theless when the two solutions of ferrous sulphate and neutral oxalate 
of potassium are mixed with such waters, oxalate of calcium is formed. 

This insoluble oxalate of calcium formed under these circum- 
stances is all the more harmful as it is hidden by the coloration 
produced by the reaction of the oxalate of potassium on the salts of 
iron. Thus, both the solution of ferrous sulphate and of oxalate 
of potassium must be made with water free from calcic salts. 

Organic developers, the base jof which is an alkaline carbonate,. 

10 
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form a white precipitate of carbonate of magnesium when the water 
contains salts of magnesium such as the chloride, and this prccij)itate 
deposits on the sensitive film with harmful results : — 

MgCl^ 4- Na^COy -MgCO., + 2NaCL 

Carbonate of magnesium, which often remains in solution in the 
water, in the presence of an excess of carbonic acid, gives rise to 
troubles absolutely analogous to those caused by the calcic salts, and 
the remedy is exactly the same in both cases. 

The organic developers made with the alkaline carbonates give a 
precii)itate of carbonate of calcium with the sulphate of calcium in 
solution on the water, and this is allowed to settle and separate by 
filtration. 

Thus treated, the water leads to no ulterior difficulties; it is 
simply necessary to take into consideration the amount of carbonate 
of lime prccipit<itcd, and add the necessary quantity of carbonate of 
soda, which has been used up in this leaction, in order to complete 
the necessary proportion of carbonate of soda in the bath. 

This piecipilation of the salt of lime can be effected befoie 
preparing the develoj^ing bath by means of the neutral oxalate of 
potassium. 

Washing the Negatives. —When the plate is dcweloped, it is 
important that the first washings should be done with pure 01 dis- 
tilled watei. 

On leaving the bath the sensitive coat of gelatine is iinpiegnativl 
with the salts of the dcvclopei, and if the w<ishing is done with c.d- 
carcoiis waters, these piecipitate oxalate of c.ilciiiin if the devclopei 
was an iron salt, or caibonatc of calcium if tlie developer was an 
organic body, as in this case it would contain an <ilkaline carbon, lU- 

The oxalate or carbonate of calcium formed would deposit on 
the gelatine coat, and produce spots on the negative, which would 
be communicated to the prints. 

A remedy for these difficulties can be found if pure water is not 
available. The calcic salts can be precipit,ated to begin with with 
oxalate of potassium m the just necessary proportions or the walci 
may be used without any preliminary correction, and the j^rccipitate 
of oxalate or carbonate of calcium deposited on the plate can be 
redissolved. 

The deposits can thus be dissolved by plunging the developed 
plate for a few seconds in a bath acidulated with hydrochloric, citric, 
or tartaric acid * — 

CaCOs + 2HCI « CaCl, + CO, + H, 0 . 

CaCgO^ + 2HCI = CaCl, + CO, + CO + H^O. 
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A weak solution of hydrochloric or citric acid will act perfectly 
in dissolving the deposited calcic salts. 

When salts of magnesia are present in the water the same 
troubles arise in developing the plates when 
organic developers are used ; the result is the 
precipitation of carbonate of magnesia As in 
the case of the calcic salts this can be prevented 
by precipitating it out of the water to begin 
with. 

It is merely necessary to add carbonate of 
sodium to the water before preparing the de- 
veloping bath The magnesia is precipitated, 
it is allowed to settle, and the water may be 
used after filtration. 62.— Zmc tank for 

Frequently after developing the plates the washing plates 
gelatine coat is hardened in a bath of a solution of alum, in order 
to prevent the gelatine from being dissolved. When this is done, 
a little hydrochloric acid is added to the alum bath to prevent the 
formation of the oxalate or carbonate of calcium, according to the 
developer employed. 

The bath may be prepared as follows . — 



Water 

Alum 

Hydrochloric acid 


Grammes 

100 


The addition of hydrochloric acid to the alum bath has another 
advantage as it prevents the precipitation of alumina from the alum 
solution. As a mattei of fact if pyrogallol or other organic reducing 
agent has been used in developing the plate, and if the washi' g 
after the negative has been properly developed has been badly done, 
the plate will retain traces of alkali and give a precipitate of 
alumina — 


Al.j(S04)3 + K3SO4 + 3 Na^C 03 = 3 Na,S 04 + K0SO4 + 

AI.2O3 + 3 ^^2* 

This alumina is a very flocculent white body which will adhere 
and form spots on the plate. This will not take place if hydro- 
chloric acid is added to the bath, as alumina is soluble in this acid — 


AlA + 6HC1 = Al^Clg + sHoO. 

Some operators, for this reason, pass the plate through the alum 
bath after fixing. In this way they do not risk precipitating alumina 
-and pulverulent sulphur, which sometimes happens when alum is 
added to the hyposulphite bath in order to fix and harden the plate 
in one operation. 
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If the alum bath is used without adding acid, and salts of lime 
are deposited, it is merely necessary to dip the negative into a bath 
acidulated with hydrochloric acid, and then to wash it carefully. 

Hyposulphite of sodium is ordinarily employed to fix the 
negative. The effect of this is to dissolve any bromide of silver 
which has not been acted upon by light and reduced by the 
developer. If the plate is well washed on leaving the developing 
bath, the fixing may be done in the sunlight ; if on the other hand 
it has not been thoroughly washed, it should be fi.xed in the dark 
room, using a yellow or red light, otherwise the plate may turn yellow. 

When the negatives are treated with pyrogalhd or any other 
organic reagent, care must be taken to wash the plate thoroughly 
before fixing with hyposulphite of sodium 

Traces of alkali remaining in the sensitive film act on the 
hyiiosulphite of sodium, transforming it into the sulphide, which 
combines with the bromide of silver to produce a black sulphide of 
silver, which rlraws a sort of veil over the negative 

By neutralising this alkalinity in a bath of hydrochloric, citric, 
or tartaric acid, as we have already indicated, this is icinedied. 
Moreover, the traces of alkali soften the gelatine and make it 
liable to be carried away. 

Yellow or brown spots on the negatives are often produced after 
fixing them because the washing has not betui thoiough, and tiaces 
of the developer remain, such as iron, pyrogallol and particularly 
hydroquinone, 

'[ he alum ])<Lth ficilitates the elimination of thc‘ developer 
employed, which may remain in the negative A 5 per cent, 
solution may be used, which at the same time will harden the film 
of gelatine. 

A 3 per cent solution of chrome iron gives a slightly greenish 
tint which is not objectionable, and it pioduces the same effects as 
ordinary alum. 

If at any time the plate turns yellow m the developing bath^ 
this yellow tint can be removed by dipping it for about five minutes 
in a bath composed of 


Grammes. 

Alum . . 

Hydiochlonc acid . 15 to 20 

Of course it will be understood that the negative must be washed 
before fixing. When fixed, the plates should be entirely freed from 
hyposulphite of soda, otherwise the proofs on paper will be covered 
with yellowish spots. 
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After a little time the negative itself will be damaged by re- 
actions caused by the hyposulphite of soda, which will attack the 
silver of the plate, forming sulphide of silver. 

Thorough washing is therefore indispensable, and as ordinary 
water may be considered as not always efficacious enough, a little 
hypochlorite of soda should be added to it. This has energetic 
oxidising properties, and transforms the hyposulphite of sodium 
remaining into bisulphite of sodium, a very soluble salt that the 
water easily eliminates. 

To get rid of the last traces of hyposulphite of sodium, the 
washing can be done with water containing from 7 to 8 cubic 
centimetres of eau de Javel (hypochlorite of sodium j per litre. 

Instead of eau de Javel a solution of hypochlorite of zinc can 
be used 

To prepare this, 20 grammes of chloride of lime are ground up 



Fig 63 — Frame for washing dr\ing the plates 

plates \\hich can be put 
into any bath 


With water to a paste in a mortar, and this is brought up to i litre 
with water, a solution of 40 grammes of sulphate of zinc is added, 
and the whole is allowed to settle The negative is dipped for two 
minutes in a bath composed of i part of this product to 6 parts of 
water 

Peroxide of hydrogen and nitrate of lead may also be used 

It is well to note that the passage of the negative through the 
alum bath after fixing also greatly facilitates the elimination of the 
hyposulphite of sodium. A bath containing 3 per cent, of ordinary 
alum or 5 p^r cent of chrome alum may be used A bath made 
with egual volumes of saturated solutions of sea salt and alum also 
gives good results 

A thorough washing in ordinary water follows. 

The Prints. — The preparation of the baths for the piints 
necessitates the employment of a water entirely free from organic 
matter. 


ISO INDUSTRIAL USES OF WATER. 

Otherwise the chloride of gold in the baths will be reduced by 
the oiganic matter, with a consequent precipitation of metallic gold, 
which of course will reduce the strength of the bath • — 

4AUCI3 + 3C + dHjjO == 12HCI + 3COj> + 4 Au. 

Water polluted with organic matter should thcrefoie be rejected 
in prc'paring the printing bath, just as in preparing a sensitive paper 
with a solution of nitrate of silver, in which case the organic matter 
precipitates the silver in a metallic .state. 

Rain water in falling becomes charged with bodies such as the 
nitrites and ammonia. These bodies are very harmful in the i)nnt- 
ing bath, of which they reduce the strength. Iwen distilled wjiter 
demands care in its prefiaration for these purposes, and this is not 
always taken. 

Ill distilling the water, the still must be thoioughly cleaned in 
order to avoid the canying over of any organic matter. Otheiwisc 
the organic products will be retained in the distillate and cause 
troubles. 

Nevei theless if the photographer is obliged to use w.it(*i chaiged 
with organic mattei in his puicesses, these inijiunties imiy be 
eliminatetl by adfling a solution of permanganate of pot,issium 

As long as oiganic matter is present undestroyed, tlu‘ pei- 
mang4niate will lose its coloui, but as soon «is the w<it(*i ke< ps <1 
violet coloialion the oiganic matUa* is eliinimitcal 'The optaation 
must be carried out c«iiefiilly and enough pei m.ing.inatc' ol jiot.is- 
siiim must be used without being in e\ci‘ss 

The water i.s allowed to settle, and aftei fillnition is uskIn' fm 
use. After th(i jinnts aie w<ished, the>' aie (i\t‘d with hyjiosiiljihite 
of sodium, then thoroughly washed ag«iin to c'liinmate llu‘ hist 
traces of hyposulphite, which is a prolific sourct‘ ol iniui\' If it 
remains spots will appear and the photogiaph will be damaged 

The permanenee of the j>hot(jgraph depends upon this last 
washing, and in this ca.se it is not necessaiy to use distilled water. 

On the other hand, ordinary water is used as a rule, and the 
salts which it contains foim easily eliminablc compounds with a 
hyposulphite of sodium 

Too long a washing weakens the phutograph, <ind (lestro\ s its 
brilliance, and the washing may be .shoitcncd by transforming, as 
in the case of the negatives, the remaining hyposulphite into bi- 
sulphite of sodium, which is veiy soluble in water. In order to do 
this, the positive is steeped for a quarter of an hour in a weak solu- 
tion of eau de Javel, then washed for two hours in ordinary water, 
and in this way a permanent print is obtained. 
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The sugar industry in certain processes requires as pure a water 
as possible, for instance in filtering the syrups through animal 
charcoal, in diffusion and in osmosis 

In sugar works where animal charcoal is used in the clarification 
it must be washed with pure water. 

If salt water or calcareous water is used, the animal charcoal 
quickly loses its bleaching power, because of its property of absorb- 
ing saline substances At the end of a short time it must be revived 
or leplaced. 

Animal charcoal can be revived with water soured with hydro- 
chloiic 01 acetic acid, in order to transform the salts of lime and 
magnesia, which otheuvise would be precipitated on the charcoal 
into soluble salts Sometimes an alkali is added to the water, but 
this should not be done 

This treatment is followed by washing the charcoal with pure 
wMter, in Older to cany off the salts which have been lendered 
soluble b)’ the acid, and to eliminate all trace of acidity 

The 01 game matters absorbed are got rid of by calcining the 
charcoal Phosphoric acid and the .soluble phosphates have no 
harmful action in sugar refining, but it is not so wnth the other 
salts 

The method of extraction of the sugar from beetroot by diffu- 
sion depends upon the phenomenon of osmosis produced between 
the water and the juice of the beetroot, the cell-w'alls playing the part 
of dialyser The salts contained in the water used must be taken 
into consideration, as by reason of the huge quantity it is necessary 
to employ the proportion rapidly increases in the concentrated juice, 
interfering with the crystallisation of the sugar, and diminishing the 
yield The majority of the salts contained in the water may be 
looked upon as carrying some part of the sugar into the molasses, 
and sometimes even their action is directly harmful. 

In special diffusers in which the sugar is very completely 

dsi) 
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extracted from the beetroot, the purity of the sugar produced very 
largely depends upon the salts in the water used. 

Water chaiged with the sulphates of calcium and of magnesium 
and the alkaline chlorides is harmful, as these salts retain a notable 
quantity of sugar in the mother liquor. The alkaline chlorides, in 
paiticular, easily combine with the sugar, forming dcli<iuesccnt com- 
pounds. A water holding a chloride in solution may retain 9*6457 
of prismatic sugar per chemical unit of chlorine ; chloride of sodium 
only retains 5 852 of sugar per unit. 

Waters charged with chloride of sodium natuially givt^ difflision 
juices much more saline than those obtained with pure water, and 
this deteriorates th(‘ quality of the sugar. Water of about 30 
hydrotimetric degrees is usuall)' suitable for diffusion. 

The deposits of c<irhonate of calcium, which are formed by the 
decompositu^n of the calcic bicaibonate in the water, interfere^ with 
the process of diffusion when the water is very calearcfuis, 01 what 
comes to the same thing, when huge quantities of weakly calcareous 
water are employed These calcic deposits also damage the re- 
siduary products, <uid dimmish their vahu; as f(Kxl for cattle Kveu 
soft water containing matters m suspension must be lejected or 
must first be filtered 

For instatice, if it contuns s.ind, this is c,liik“(1 b)' the water into 
the diffusing app,iratiis ,ind causes nipid wear of the v.dves, which, 
by-lhe-b>'e, often occiiis tluough iieghgciut* W«ilcn* c ont.iiniiig 
organic matter in suspension ina\' produce siilphinetU'd li)’diogen, 
which will spoil the be(*troot lUK.e 

'fhis pioduclion ol sulphuietted liydiogen has alw.u s to be 
fcaied with w^ater containing sulphates of the .ilkalint^ e.iiths <ind 
organic matters In this c.ise the sulphates are vei>^ easil)' u'duced 
to sulphides. Water contaminated with oiganic m. liter must iheic- 
fore always be filtered 

Deposits of the sulphate and carbonate (A Innc ma)' also take 
place m the serpentine steam-coils of the boiling apparatus, and the 
bad conductivity of the scale formed, which increases .iccording 
to the thickness of the deposit, becomes very troublesonu*. The 
formation of this scale will of course depend upon the projjioition 
of salts in the water Pellet has proposed a rapid method of 
gauging the suitability of a water for use m the extraction of sugar 
from beetroot. From 2 to 3 litres of the water are taken for the 
purposes of the test. To this is added from 5 to 6 cubic centi- 
metres of properly prepared lime water, which has been carefully 
decanted off the deposited lime. 

This done, the diluted lime water is thoroughly carbonated by 
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heating it first to about 7S° C, then to go° C., and finally boiling it 
long enough It is then filtered, and from 2 to 3 litres of the filtrate 
are taken to be tested. One litre of the water is then taken, 
evaporated to dryness, calcined, and the weight of the residue gives 
a sufficient indication of the amount of salts that would be de- 
posited in practice. It is evident that the weight of the organic 
matter found in the residue can be calculated, and a deduction as to 
the quality of the water drawn from it In purifying sugar refinery 
waters the point has to be considered whether the substance used 
may be harmful in the process of diffusion. 

The precipitation of the salts of lime or of magnesia by bases 
ordinarily used to purify water, such as potash or soda, lead to 
reactions by double decomposition of the soluble salts, such as 
sulphate of sodium and sulphate of potassium, which remain in 
the water. The hydrotimetric degree of the water, which may be 
very high, before it is treated in this manner, may be very consider- 
ably lowered. Nevertheless, the water may give in the diffusion 
process a deposit almost equal to that which it would have formed 
before This corrected water, therefore, is almost as bad before as 
after purification 

Water that needs correction, therefore, must be purified by 
special means, and it is preferable when the supply is too heavily 
charged with calcic salts to use the condensed water from the waste 
steam, which, moreover, is very abundant in sugar works. 

The triple effect evaporator produces an enormous quantity of 
distilled water, and the water from the second and third cylinders 
IS very advantageously used in washing the scum in the mechanical 
filters analogous to filter-presses, which have great advantages over 
animal charcoal filters In this water any ammonia which might 
be led away with the waste steam is retained by special devices in 
the triple effect evaporator It may be added that feed-waters 
for the boilers in sugar works should ne\er contain chloride of 
magnesia 

In the chapter in which the question of feed-water for boilers 
is considered, we have noted that this salt is particularly dangerous, 
as it easily decomposes and liberates its hydrochloric acid 

In sugar works, where a huge volume of steam has to be pro- 
duced, such a water must be rejected, or if corrosion and rapid 
deterioration of the steam pipes are to be avoided, the water must at 
least be softened before use Moreover, there is a danger of this 
hydrochloric acid finding its way into the water of condensation 
used, with consequent troubles in the processe^:) of sugar extraction. 

Osmosis depends upon the same principles as the diffusion 
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process, with the difference that a sheet of parchment replaces the 
cells of the beetroot as dialysers. 

Hy osmosis the salts which would prevent the crystallisation of 
the sugar are extracted from the molasses or the syrups. 

Osmosis, which might be called dialysis, depends upon the 
principle that a diaphragm of parchment paper, when used as a 
filter, allows saline matters to pass through and retains matter of 
its own nature, / r., colloids The parchment paper frames of the 
osmogenc, therefore, eliminate tlie saline matters of the masses, 
leaving behind a purified mass of crystallisable sugar. 

The porosity of the parchment paper is of first imiiortaiice, and 
the nature of tlae water used has a considerable effect on this 
porosity It must be remembered also that the cpiantity of water 
is relatively large, averaging about six times the weight of the 
molasses. With impure waters, therefore, the jiores of the septums 



arc very cjuickly obstructed, the osmosis proceeds badly, the 3 leld 
becomes small, and cither the frames of the osmogene must be 
cleaned or the parchment replaced. 

The less salts in solution the water contains the easiei it is to 
eliminate the saline matter from the molas.ses, and consec|ucntly to 
increase the yield of the sugar h'or the same reason that the 
molasses is freed before osmosis from the salts of lime, which aic 
refractory to the process, the use of calcareous waters which inter- 
fere with the separation of the saline matters should be avoided 

In several foreign countries the practice of osmosis has been 
successfully adopted, because the sugar works have very pure waters- 
at their disposal. The necessity of purif3'ing the waters used in 
the osmogenes adds to the difficulties of the operation, because the 
products employed become incorporated in the mass of liquid. 
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In sugar works an enormous volume of steam is produced, and 
it may be said that everywhere where sugar is made there must 
also be a production of distilled water on a commercial scale. 

In osmosis, as in the diffusion process, this water is very advan- 
tageously used, and allows better results to be obtained than with 
natural or corrected waters. The deposits from calcareous waters 
and other sources, as for instance those produced by the molasses 
in the osmogene, necessitate a cleansing of the apparatus to elimin- 
ate the different salts To do this the osmogene is emptied, then- 
filled with water, and a little hydrochloric acid is gradually added 
until all the salts and in particular salts of lime are dissolved. A 
litre of hydrochloric acid is usually sufficient for one apparatus. At 
the end of a lew minutes this acidulated water is run off and finally 
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the osmoi^ene is washed with pure water, and is then read} for a 
fresh bath. 

It must also be noted that the triple effect evaporator is quickly 
lined with deposits of the most complex chaiacter, formed for the 
most part of the various salts of lime. The triple effect evaporator, 
therefore, must be scoured out in order to regularise the transmis 
sion of the heat and avoid the decomposition of the sugar. 

This IS done by raking out the tubes and then adding a little 
hydrochloric acid or caibonate of sodium 

If the deposit resists this treatment it is usually silicious and a 
simple treatment with soda is sufficient to deal with it. 

The triple effect evaporator has simply then to be emptied and 
flushed out with clear water to eliminate all the remaining soluble 
salts and all traces of aciditv, and the evaporation of the sugar 
juice can then be continued 
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In view of the opinion arrived at by the Conscil d’ Hygiene et de 
Salubrity de la Seme in its sitting of the r2th of May, 1893 ; 

In view of the despatch of the Minister of the Interior, dated 19th of 
March, 1894, ap])roving this opinion ; 

(Considering that the public health demands that ice containing any 
harmful principle should not be delivered for consumption, 

We ordain as follows • — 


Article t. 

It IS forbidden to all merchants, makers, dealers and retailers, to sell 
or to expose for sale, any ice which on melting does not give a potable 
water. 

Artici.e 2. 

Makers and dealers in alimentaiy ice and ice foi other purposes must 
keep these two sorts of ice m entnely sepaiated maga/anes , that in which 
the pure ice is stoied must have the words alimentary ice” painted on its 
•door on a white ground, the impure ice exclusively intended for industrial 
purposes must he stored in a room upon the dooi of whu h must he pain'ed 
•on a red ground the words “non-aliinentaiy ice” 

Ari’ki.e 3 

The vehicles used for the transpoit of k'c must hear the same insc'iip- 
tion, according as to whethei they aie used lot the ('aniage of an alimentary 
or non-ahmentaiy ii'e 

In no case must these vehu les he used loi the tianspoit of .1 (ategoiy 
of ice other than that coiiesponding to the mscaiption which they heai 

Aktic'i.e 4 

Retaileis of ice must have two <'ases 01 w^utei -light reset v oils, without 
•communication hetw'ecn the two, the one kei>t expiessly foi alimentaiy u'e 
and the other foi non -alimentary ice 

Both of these must he labelled as already oideied 

Retailers who have not two reservoirs may only sell alimentary ice 

Article 5 

The Director of the Chemical Laboratory of the Prefecture and the 
'Commissaries of Police and the agents under theii orders are charged with 
the execution of the present ordinance, which will be printed and posted in 
public places. 

The Prefect of Police, 

L, LlfiPINE. 

!For the Prefect of Police, 

The Secretary General, 

E. Laurent. 
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In manufacturing beverages, and mineral waters in particular, 
the tops of the syphons should not contain too much lead, as the 
carbonic acid energises the attack upon it and the water takes 
this very poisonous metal into solution. With this in view, a 
police order in June, 1862, limited the amount of lead used in 
the alloys from which the heads of syphons are made to 10 per 
cent. 

The dangers we have already noted in the case of ice also apply 
to waters used in the manufacture of mineral waters, and the 
Consultative Committee of Public Health of France, in its sitting 
of the 25th of August, 1894, requested the Prefect of Police to take 
measures in consequence, and to prescribe all dangerous waters, 
notably, the water of the Ourcq Canal, and of the wells in mineral 
water manufacture 

In manufacturing ice and mineral waters, therefore, it is neces- 
sary to make a chemical and bacteriological examination of the 
water employed. 

The report of Dr Pouchet shows that the Consultative Com- 
mittee of Health of France admitted at its sitting of the loth of 
August, 1885, that the quality of a water could be sufficient^ 
gauged by testing for the presence of nitrates and ascertaining — 

1 The quantity of solid residue left by the water 

2 The weight of volatile matter at red heat 

3 The hydrotimetric degree. 

4. The weight of the chloride 

5. The weight of the sulphates 

6 The quantity of oxygen carried off by permanganate This 
lb proportional to the quantity of organic matter ascertained by 
weighing after combustion 

The table below gives the quality of waters according to the 
nature and the proportion of bodies which they contain : — 


Contents per litre 

Very pure 
water 

Potable 

water 

Suspicious 

water 

Bad water 

Chlorine . . 

Sulphuric acid . . . 

Organic matters (calculated in oxy- / 
gen quantified in alkaline solution) \ 

Loss of weight at red heat . 

Total hydrotimetric degree 
Permanent hydrotimetric degree / 
after boiling . . . \ 

Less than 
0 015 gr. 
0*002 gr 
to 0 005 gr 
less than 

0 001 gr. 
less than 

0 015 gr. 

5 to 15 

2 to 5 

less than 

0 04 gr 
0*005 ST to 
0 030 gr 
less than 

0 002 gr. 
less than 
0*040 gr. 
15 to 30 

5 to 12 

0 05 gr. to 
0 I gr 
more than 
0 030 gr. 

0 003 gr to 
0 004 gr. 

0 040 gr. to 
0 070 gr. 
over 30 

12 to 18 

more than 
0*1 gr 
more than 
0*050 gr. 
more than 

0 004 gr 
more than 

0 100 gr 
over 200 
more than 
20 
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To ascertain precisely the quality of a water for alimentary uses, 
whether for mineral waters or ice, the chemical analy.sis must be 
followed by a bacteriological examination The quality of a water 
varies infinitely according to the nature and number of the microbes 
which it contains. 

Accoiding to the numbers of bacteria contained in a cubic 
centimetre, a watci is con.sidcred as . — 


Veiy ^^ood 
Ciood 
Mediocre 
Had 

Veiy bad 


o to 50 
50 to 500 
500 to 

3,000 to 10,000 
10,000 to 100,000 


Waters from natuial sources contain from r, 000 to 1,300 bacteria. 
No water is iiotablc which contains disease germs. 

The actionof mineral water on the microbes varies. Accoiding to 
I lochstettcr, the microbes such as M. ti’/ra Sonins, the cholera bacillus, 
the green bacillus. I\I a ii ran tun us and pink >'cast, aie affeeted less 
by mineral water than by distilled w.iter, but the contrary is the 
ca.se with l\[ piodiiiiosHs, the yellow bacillus and the bacillus alpha 
Tyiihoid bacillus in paiticiilar lives in ininer.il water iiukIi 
longer than in distilled water Microbes iii w.iters u.sed foi making 
bevel ages and ice disiqiiiear completel}' when the water is projierl)’ 
sterilised, and we sh.ill describe the methods employed m .i siieii.il 
chapter 
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WATER IN CIDER-MAKING 

It is highly regrettable to note that the rigorous cleanliness in 
the preparation of fermented beverages insisted upon by Pasteur, 
although it has become the rule in almost all breweries, is not 
observed in many establishments where cider is made 

The apple grower himself frequently prepares cider, and neglects 
the most elementary rules in the selection of the water which 
he uses. Water plays an important part in the quality of cider, 
its taste and its keeping qualities Unfortunately, the influence 
of the salts which may be found in solution in the water on the 
manufactured cider has not been studied, but it may be said 
that some ciders are better than others mainly because of the 
nature and proportion of the salts in the waters used in making 
them 

The cider presses cannot squeeze all the juice from the apples, 
and the residue of pulp contains matter which must not be wasted. 
In cider-making, therefore, water is used to extract the larger part 
of the sugary juice. 

This water is of course eventually used as a beverage, and it is 
evident, therefore, that in cider-rnakmg an absolutely potable water 
should be employed. The water should therefore have this character, 
that IS to say it must be limpid, well aerated, odourless, containing 
no disease germs, not turning turbid on boiling, lathering freely with 
soap, and suitable for the cooking of vegetables. Ignorant peasants 
prefer the stagnant water of ponds to a limpid and wholesome 
water, and some of them go so far as to assert that such water 
^ives the cider more body. 

The ponds are frequently in fields and accessible to cattle, and 
polluted by them in every way, yet it is pretended that such a water 
has no influence on the fermentation, the quality and the keeping 
properties of the cider ! Such a water which has stagnated in the 
ponds and has received the excrement of animals, causes serious 
troubles in cider-making, as it introduces the most varied germs, 
II (i6i) 
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the acetic, butyric, lactic, nitric and nitrou.s ferment.s, and complex 
principle.s harmful to fermentation. 

Out.side the question of its quality, and its disagreeable flavour, 
such a cider may cause disease, as bacteria are present in such a 
water, which is not sterilised in the course of manufacture as it is m 
some other industries depending upon fermentation. 

The water of ponds in the neighbourhood of stables almost 
always receives purin and secretions cither by infiltration or by 
direct drainage. In addition, such a water contains greasy resi- 
dues, such as butyrolein, free butyric acid, butyrates of calcium, 
ammoniacal salts, and the fatty matters of .suint which contribute 
to give the cider a disagreeable odour and a rancid taste. 

With well water, the salts of calcium contained in it combine 
with the a|)]fle juice to produce dilTerent compounds which damage 
the quality of the cider. Hy properly aerating calcareous waters, 
they may be freed from their carbonate of calcium by precipitation 
and decantation. 

As in the case of the calcaicous salts, the influence of amino- 
niacal and lemiginous bodies on the cider is manifest. The cider 
frequently takes a brownish or blackish tint , it is said to “ draw” 
This can be remedied by using tartaric acid or tannin The pio- 
portion is about 30 grammes of tartaric acid or about 10 grainnu's 
of tannin jicr hectolitie of cider This addition is advantageous as 
outside the (|uestioii of appe.iraiice the cidei is flat and very dis- 
agieeable to the jiahite 

When watei containing sails of iron is used in making (idei, it 
takes a black tint. By adding about 20 giainmes of tannin per 
too lities of cider, the salts ofiion aie precipitated in the lorm of 
tannate of non. 

When they have deposited the clear liquor is decanted olf. As 
foi the acetic fermentation piovoked to the detiimeiit of the 
alcohol in the cider, by the presence of micodeima aceti, it is 
avoided by preventing all contact with the air. Thi.s i.s done by 
coveiing the cider with a film of good olive oil, one-third of a litie 
per hectolitre of cider. 
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WATER IN BREWING. 

The water used in brewing has a considerable influence on the 
quality of the beer, its chemical composition and its bacteriological 
condition both entering into the question. 

Before building a brewery, the nature of the water at disposal 
should therefore be taken into consideration The purity of a 
water is no guarantee of the quality of the beer which it will pro- 
duce, and distilled water is far from being the type of a water 
suitable for brewing 

Nevertheless as a rule a water which has all the good qualities 
of a potable water is suitable for use in the brewery, as the sub- 
stances which are necessary in the production of a first-class beer 
can be added to it To begin with, therefore, the water used 
should be colourless, odourless, insipid, and free from organic 
matters 

In considering the mineral salts dissolved in water and their 
effects, we have noted that in the general run of cases they are 
harmful Some of them, however, are useful in brewing, and 
improve the quality of the beer. 

Thus the gypsiferous waters of Burton-on-Trent, which contain 
1 1 1 grammes of sulphate of calcium per hectolitre, have led to the 
establishment of many breweries in this district, because the beer 
brewed with these waters has become world-renowned 

In brewing ale, the English employ sulphate waters preferably, 
and many brewers correct their soft waters by adding a certain pro- 
portion of sulphate of calcium. It is very necessary to understand 
the effects of the salts which may be found in solution in v'-atei on 
the different processes of the brewery. 

As regards the production of beer, it is in three stages ; — 

1. The artificial germination of the grain. 

2. The brewing process properly so called. 

3. Fermentation, 

The artificial germination or malting is a process of the highest 

(163) 
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importance, as the quality of the beer obtained very largely de- 
pends upon the quality of the malt from which it is brewed. 

All things must be taken into consideration in order to have the 
malt in the best possible condition, and the nature of the water is 
an important factor in the mattei*. 

Malting is carried out in three stages • — 

(f?) Steeping the barley. 

(/;) Germination to the desired extent 
(c) Drying. 

In moistening the barley, just enough water is given it to allow 
the embryon to develop, and to prepare it for saccharification. 
The barley should be soaked sufficiently to avoid having to 
sprinkle the layers of gram in the malting hou^e 

When the grain is spimkled in the malting house, as is done 
by many maltsters, it loses a certain amount c)f aroma, an abun- 
dance of carbomc-acid gas is freed, and the germs are unduly 
developed. The grain should be steeped at a low temperature, 
and the water should be frecfuently renewed and should be well 
aerated 

Water containing an insufficient <imount of .an .isphyxiates the 
germ, kills it, and lot rapidly sets m In the steeping process, 
oxygen is therefore very useful It stops the lot m an erficacious 
fashion <ind obviates the necessity of using dangcaous antiseptics, 
such .as salicylic acid 'Fhe bad odours which m.i> he guen olfln 
the steeping water m suminca* should he remedied, ('outuner le- 
commends lime as an antiseptic winch will de.al with this luiis.ince 
When the giam is wetted with lime water msti'.ad ol oidin.ua 
water, the lime destroys the feiinent which would act upon thc^ 
barley, .and consequently ])i event any l.itei damage 

The lime does not interleie with the ([u.dits' of the malt, .uul the 
germination proceeds regularly .ind lapidly We will now considei 
the mlluence of the salts and othei matters frei[uentl}’ met with in 
water on brewery operations 

I Influence ov the Substances Contained in the 

Water. 

0^) Organic Matters. — If the grain is steeped with water 
charged with organic matter, the tendency to mouldincss is 
favoured, the malting is done defectively, and many troubles will 
arise in the course of the manufacture of the beer. 

In the brewing operation, the action of the yeast is often inter- 
fered with by organic matter in the water which poisons it When 
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the wort is boiled, if organic matter is present the beer takes a 
much deeper colour than when pure water is used. 

As a rule, organic matter is harmful, as it sets up fermentations 
in the beer other than those which the brewer desires to obtain, 
and these lead to bad results. Even in washing the casks and 
brewery utensils, it is necessary to use water free from organic 
matter, otherwise the organic matter and bacteria may adhere to 
the casks or utensils and help to damage the beer. 

When water polluted with organic matter is heated, the matter 
is decomposed, and the decomposition products spoil the keeping 
qualities of the beer and completely change its taste. Sometimes 
even the smell of rotten eggs due to the formation of sulphuretted 
hydrogen may be noted in a water containing decomposed organic 
matter. This may generally be remedied by thoroughly aerating 
the water 

Unfortunately the water of streams and canals is invariably 
polluted by the organic substances carried down by the current 
or from the residuary waters they receive. It is difficult to find 
a water entirely free from them, but, for brewing, water containing 
merely a small quantity of organic matter may be used A water 
which contains more than 50 milligrammes of organic matter per 
litre must be looked upon as impure 

If the only source of supply is a water which contains much 
organic matter it must undergo a preliminary treatment by boil- 
ing or purifying it with permanganate of potassium and filtering 
Permanganate of lime in the proportion of i gramme per hectolitre 
also gives good results The organic matter is oxidised and lime 
and oxide of manganese are formed. 

Another method recommended by Traute consists in treating 
the water with chloiide of lime and eliminating the excess of this 
reagent with an alkaline sulphite 

Another method of proceeding is to retain the organic matter 
and the gi eater part of the germs in a simple filter consisting of a 
layer of sand about i metre thick 

At Munich, where excellent beer is brewed, the water used is 
not completely freed from organic matter, and it contains about 
4 milligrammes per litre. The same may be said of other brew- 
ing centres. The organic matters in the water can be transformed 
into compounds of nitrogen with hydrogen and oxygen, such as 
the ammoniacal salts, the nitrites and nitrates, and produce dis- 
astrous effects on the beer. 

(d) Ammonia, Nitrites and Nitrates. — Ammoniacal compounds 
are formed by the decomposition of the organic matter in water. 
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Nitrites and nitrates result from the oxidation more or less 
complete of this organic matter. These salts favour the develop- 
ment of the Renard ferment, which is a disease of the beer, spoiling 
its keeping qualities. 

The water supply of a brewery must be completely free from 
ammoniacal salts, and their presence is detected by Nessler’s re- 
agent. It is difficult to eliminate these ammoniacal salts in 
practice, and it is therefore advisable to reject all water contain- 
ing them, and the same applies to that containing nitrites in 
solution. 

The nitrites are easily oxidisable bodies, and this oxidation is 
capable of causing trouble in the actual process of biewing The 
decomposition of the nitrites may take place as the conseciuence 
of reactions either during the malting or during the boiling of tlie 
wort. 

The easy oxidation of the nitrites, however, makes it a simple 
matter to eliminate them, or rather to tiansform them into other 
bodies, and from this it is evident that a w.iter containing nitiites 
is aerated and gcncrall)' contains organic in.itter 

By foiciiig the water through the air ov making an artificial 
waterfall or by bubbling air through the in.iss, the nitrites aie 
<lLiickly transformed into nitrates. '1 his 1 lansloi ination, howevei, 
only substitutes oiu* product foi anotlu*!*, and th(‘ nitrates obtained 
are freciuently lUst as harmful Ixxlu's Almost ,ill w.itcn* conbiiiis 
nitnitcs, «ind their action is in pro|x)ition to the (|uantit>' tlu* water 
holds in solution 

They liava^ an effect on the j'cast, intei fining with Ihc piocess 
of fci mentation d'he wort in tlien presence t.ikes an intcnise 
reddish colour, c'lnd the beer acepures an acrid taste d'he niti.itc's 
also cause a decreased yield of extract 'They may bt^ tofi‘iatc‘d to 
the extent of 15 milligiammes of nitric acid jxn litre of water 

'rhe nitrates arc particularly h.irmful when the waUn* contains 
at the same time small cjuantities of ammoniacal salts, nitrites or 
organic matters, as they are then in the best condition to produce 
dangerous reactions. 

A water containing 2 per cent of nitrate of scjcla or potash does 
not diminish the germinative power of the barley grain. This is 
A. Bruttini’s opinion, and Mills and Pettigrew say even that it 
assists it. 

(c) Chlorides. — When a water contains small quantities of 
chloride of sodium, it may be used, but if the proportion is rela- 
tively large, it must be rejected, as the germination of the grain 
will be interfered with. 
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Water containing about 2 per cent, of chloride of sodium, when 
wsed in malting, stops the development of the radicles and aids the 
germ of the plant to expand. Chloride of magnesium in the water 
ixas the same effect, and as a matter of fact the chlorides in general. 
Water charged with sea- salt dissolves a much greater proportion 
of organic matter than distilled water, or a hard water, as the salt 
has a solvent action on albumen. 

A good water to be absolutely potable should not contain more 
than 0'05 gr. of chlorine per litre, but in brewing a larger quantity 
is not detrimental. According to the proportion of sea salt in 
■solution in the water the beer acquires a taste which is sometimes 
sweet and sometimes bitter ; the sweet taste is produced by very 
minute quantities. The action of the yeast is weakened by sea 
salt. 

The yield of the yeast is diminished when the water is charged 
with chloride of calcium. It becomes fat, and there is a difficulty 
in pressing it 

According to P. Petit waters containing chloride of calcium 
increase the malto-dextrines or combinations of maltose, and may 
be used in breweries to produce beers rich in dextrine. According 
to the experience of J. Stauffer, when a brewery water contains 
chlorides no zinc apparatus should be used. 

Chlorine easily combines with the zinc, and during the principal 
fermentation converts the maltose into mannite. The beer in this 
-case has a very disagreeable taste, and fines very slowly. To avoid 
this, zinc should be replaced by tin plates 

For the same reason the zinc must be replaced in all parts of 
the boiler, as the steam veiy easily carries away with it the com- 
pounds of chlorine, such as hydrochloric acid arising from the 
ilecomposition of the chloride of magnesium, and these will affect 
the zinc This steam in condensing may find its way into the 
wort, taking with it chloride of zinc, which is a harmful compound. 

Salts of Iron. — Iron, which is found eveiywhere, is contained 
in waters in variable proportions. 

When a water contains a small quantity only, it may be used in 
brewing, but it is very preferable that it should contain no iron at 
all, as the oxide of iron forms an insoluble compound with the 
•diastase which interferes with the manufacture of the beer 

In malting, the barley is coloured brown by iron salts. 

Beer brewed with ferruginous waters usually takes a greenish 
colour, which is the result of the formation of a black tannate of 
iron, the colour of which combines with that of the beer itself. 
Moreover, ferruginous waters may give the beer a bad odour and 



i68 


INDUSTRIAL USES OF WATER. 


taste. The iron may be eliminated by aerating the water thoroughly 
This can be done by causing it to fall in a cascade of some yards in 
height, and filtering it through sand, to retain the precipitated ferric 
compounds. 

By precipitating the soluble salts of iron as hydrated oxide of 
iron and separating mechanically the precipitate obtained, the iron 
may be eliminated, and apparatus has been constructed for this 
purpose. 

At the Institute of h'ermentation of Berlin, (ICsterr’s process is 
used. This consists in bubbling air through the water and filtering 
through gravel, 'fhe water to be purified is forced in a fine spray 



by two pumps, and the non it contains is thus oxidised It then 
goes through layers of gravel 30 centimetres in thickness ananged 
on brass sieves. On leaving the filtei the purified water is lun into 
a special reservoir The system of II. von dei Linde and Hess of 
complete separation of the iion from the water has given excellent 
results m the brewery of Schultheisz and Dessaux, as shown in 
1890 in the Zettsch 7 nft Jnr Spiritus Indni>tric, 

In this process the iron is oxidised not by atmospheric influences^ 
as the water to be purified does not come into any contact with the 
exterior air, but by oxide of tin spread over large surfaces of shaving.s 
of wood. The apparatus is composed of an iron filter, F, 2 J metres 
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high and ij bioad. At the base of this is a layer of small pebbles 
on a sheet of copper supported by an iron grid. This layer of 
pebbles is about lo centimetres deep, and the rest of the filter con- 
tains wood shavings over which the oxide of tin is spread. The 
wood shavings are kept in place by an iron grid and a sheet of copper 
in the higher part of the filter 

The water to be purified is forced into the upper part of the filter 
by a pump P, following the direction q, and the oxidation is pro- 
duced by the oxide of tin The water traverses the layer of wood 
shavings and abandons its precipitated iron in passing through the 
pebbles. 

The water freed from iron and filtered mounts by the tube p into 
the pure water reservoir R The shavings can be cleaned very 
easily by running the pure water into the filter by the pipe p. All 
sedimentary matters are then flushed out at /and are evacuated by 
the tube at a. The filter may also be cleaned by forcing in air and 
steam by the injector I 

The air and steam are injected at the same time and the opera- 
tion is repeated, then pure water is run through the filter for a few 
minutes 

In this way the filter is cleansed very rapidly and thoroughly. 

{c) Lead. — Water containing lead must on no account be used 

The presence of lead in water may result from the action of 
salts and gases on leaden pipes, in which the water has remained 
too long A little sulphuretted hydrogen is sufficient to detect the 
presence of lead by precipitating black sulphide of lead 

This piecipitate is transformed into white sulphate of lead by 
adding jjeroxide of hydrogen. 

(/) Carbonate of Calcium and Carbonate of Magnesium.— In 
brewing, the preliminary examination of water from the point of 
view of Its hardness is of capital importance By the hardness of 
a water we understand a greater or less proportion of the salts of 
lime and of magnesia which it contains 

It IS better for brewery purposes that the water should have a 
certain amount of hardness A water of from lO to 25 hydrotimetric 
degrees, that is to say containing o 10 to 025 of salts of the alkaline 
earths per litre, is excellent. In malting, if the water is too soft, it 
dissolves too much of the useful substances, and if it is too hard, 
the operation is retarded 

Waters containing carbonate of calcium in excess give the wort 
an intense red colour, acting on the malt and especially on the hops, 
and preventing a regular fermentation. 

Carbonate of magnesium reduces the activity of the diastase. 
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•diminishc*? the proportion of maltose and of extract, and on the 
other hand increases the proportion of the nitrogenous bodies and 
the hop resin. The beer in this case takes a dark colour and an 
acrid taste. It is very difficult to keep beer when it has been 
brewed with water too rich in carbonates. As a matter of fact 
beer owes its keeping properties to its acidity, which in this case 
is neutralised by the carbonates. 

The pejitoncs and amides, bodies which are assimilalile by the 
yeast, and result from the nitrogenous matters of the malt, arc 
poorly i^roduced if the wort has not an acid reaction. In this 
■case the albuminoid bodies which remain in the wort are harmful 
to the keepinj^ qualities of the beer. 

Phosphoric acid, which is an important food for the yeast, is 
neutralised by the carbonate of lime m the water, and precipitates 
in the form of insoluble phosphate of lime In the same w«iy with 
ammonia, which arises duiin,t^ the fermentation, it forms the double 
phosj)hate of ammonia and mai^nesia 

The harder the water, the smaller are the [)roportions of j^hos- 
phoric acid and nitroj’on. Very hard waters j^ive the beer <i bitter 
and disagreeable taste. 

The water can be freed befoie use from its soluble' carbonate of 
calcium by boiling, as we have' shown m the chapter* le'latniR to the 
tre‘<Ltment of wate'rs b}'- steam, and the <ippar<itus Ihe'iv described 
may be advanta,i»eously used in the bre'wery 

The carbonate of caleium ina\’ also be* Rot iid of by pu'eujjitat- 
11)^ it with milk of lime and dee'antin,L» oi filtering it 

As we have le'inaike'd, a small (juantity of carbon. ite' of eakiuin 
IS fai from bc'inj^ harmful. On the other hand, we liave se'e'ii that 
waters th.it contain it to a modeiMte e.xtent aie advanta^e'ous. 
They have a less solvent action than soft watei 'Plu'y u'^ul.ite 
the fermentation, facilitate clarification, and i^ive j.;ood ke<'pin^ 
qualities to the beer 

In some brewe'ries sugar is used in brewing to punf)' the wort 
and to clarify the beer, but where the water contains a notable i)ro- 
portion of carbonate of calcium the use of sugar is unnecessary. 
Thus at C^anterbury and in some other Itnglish towns no sugar is 
used with the calcareous water employed. 

When the carbonic acid which keeps the carbonate of calcium 
in solution xs fx'eed by heat, tlie pi-ecipitatcd carbonate carries away 
with it the albumen of the wort, and I'enders useless any addition of 
sugar. 

(^) Sulphate of Calcium and Sulphate of Magnesium. — The 
waters containing a notable quantity of sulphate of magnesium 
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■diminish the extract of malt without lowering the proportion of 
phosphates and nitrogenous matters. Plenty of amyloin forms 
and the beer acquires an acrid taste. 

Compared to soft waters, waters containing sulphate of 
calcium are much to be preferred. The sulphate waters have a 
great advantage over those containing carbonate of calcium in 
solution because the sulphate does not precipitate so easily as the 
carbonate 

When the water contains a small proportion of sulphate, it 
neutralises in an insensible manner the acidity of the wort and of 
the beer, and the formation of the amides and peptones is facilitated 
during the brewing 

If the wort is boiled with such water, the albuminoid bodies 
easily coagulate, and the beer keeps well. As for the precipitation 
of the phosphoric acid of the wort, it is almost the same as with 
distilled water. 

Morritz and Morris made some experiments with three samples 
of water — 

1. Distilled water. 

2. Water containing 0712 gr. sulphate of calcium per litre 

3 Water containing 1 427 gr. sulphate of calcium per litre. 

The quantities of phosphoric acid which remain in 100 gr. of 
wort were o 129 gr , o 104 gr. and 0089 gr These figures show 
that the yeast is well fed when a sulphate water is used Beers 
made with sulphate waters have incontestable advantages over the 
others They taste and keep much better The proportion of hop 
resin dissolved is less and the colour of the beer is paler 

With these waters the cell formation of the yeast is much more 
vigorous than with soft water For all these reasons the English 
breweries have acquired a world-wide reputation for their beer made 
with the natural sulphate waters of certain districts 

The breweries which have no natural sulphate water at their 
disposal add gypsum to their supply, in a larger or smaller pro- 
portion according to the nature of the beer which they wish to 
produce Although in making ale a sulphate water is preferable, 
h:)r porter or stout soft waters are the best. 

Sulphate waters should be used in preference in preparing pale 
ales, and soft water in brewing dark coloured beers 

2 Some Experiments and Results. 

Stauffer has shown that the waters qualified as hard contain 
more than 18 parts of lime and magnesia salts in 100,000 parts of 
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water, that is to say i S'" of hardness, and that the water of various 
breweries which are very soft give excellent beers of certain descrip- 
tions. 

The following table shows the number of parts of the salts of 
lime and of magnesia in 100,000 parts of water : — 


Pilsen Biewery (limited company) 

9 bo 

Pilsen (old biewciy) 

10*^0 

Pilsen (new breweiy) 

1x70 

Ansbach water IV. 

12*92 

Tutllingen water 

lyii 

Dusseldoit watei 

7 ^ 

Ansbach water 11 . 


Auj^hburg watei 

X 5*42 

Cologne watei 

15 

Ansbach water III. 


Goggingen Hicwery 

19 Si 

Mayence watei 

19 Si 

Munich watei (Lion Hreweiy) U 

20 14 

,, (Royal Biewery) I 


,, (Lion Breweiy) I 

2S 67 

,, (Royal Bieweiy) II. 

2S S5 

Kaltenhauscn watei 


Klein Schweehat (Vienna) watei 

53 

Munich (Sp*iteii Bieweiy) watei 

73 

Ansbach w.itci I 

9 1 ('9 


Accoulnig to this, a good water for malting may have fioin 
10" to 25 " of h<ir(lness, without having «iny harmful c‘llcit 011 the 
c[uality of the in<ilt, if the nature of the u«itei is Liken into <iecoiiiit 
and the conditions of stct'ping the gram aie vaiied accoidmgl)' 

The steeping t«ikes ,i longei time with h<ird w.itei than with 
distilled water Ilighei tenipemtures than 19” C. make the oj)eia- 
tion too rapid, and with lower temperatures the contnir)' id'lect is 
produced 

According to Ullik’s ex|)eriments soft waters extract moie 
mineral and organic substinces from the grain dining steeping 
than hard waters. 

As regards the albuminoid matters, tlie propi^rtion extracted 
by hard waters is larger than by soft waters , with regard to the 
hydrates of carbon soft waters cxtiact the most 

Dr. Hannainann has made several experiments on waters of 
various compositions with the object of determining the action of 
the salts m solution m the steeping water on the germinative power 
of the gram, with the following results — 
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Duration of 

Percentage of grains 

Disaggregation 

added to it. 

steeping in 
hours 

Thorough 

germination 

Weak 

germination 

Failure. 

and quality of 
the fresh malt 

Distilled water 

48 

72 

22 

6 

Very good 

Well water . 

Solution of chloride of sodium 

96 

75 

21 

4 


0*5 per cent. 

Solution of chloride of calcium 

100 

58 

27 

15 

Unequal 

0*5 per cent 

Solution of sulphate of cal- 

g6 

80 

18 

2 

Equal 

cium 0*5 per cent 

Solution of Chill saltpetre 

83 

70 

26 

4 

Good 

0 5 per cent 

Solution of phosphate of pot- 

100 

60 

22 

18 

Unequal 

ash 0 5 per cent 

Water containing organic 

79 

66 

21 

13 

Unequal 

matter 

74 

80 

15 

5 

Very good 


G B Readman has collected some valuable notes on the action 
exercised on beer by saline solutions He has contributed these to 
the Jow'nal of the Society of Chemical Industry (30th April, 1 894). 
These notes refer to 13 solutions — 


I 


3- 

4 

5 
6 . 
7 
8 . 

9 

10 

ti 

12 

13 


Distilled water. 

Distilled watei with the addition of 71 35 gr per hectolitre carbonate of calcium 
,, ,, „ „ „ chloride of calcium 

,, ,, „ „ „ sulphate of calcium 

,, „ „ „ „ carbonate of magnesium 

,, ,, „ „ „ chloride of magnesium 

,, ,, „ „ ,, sulphate of magnesium. 

,, „ ,, „ ,, chloride of sodium 

,, ,, ,, „ ,, carbonate of sodium 

,, ,, ,, „ ,, nitrate of potassium 


Water of the composition ot Burton water 
Edinburgh water 

Distilled water containing 71 35 gr per hectolitre of sulphate of potassium 


Solution No II, of the same composition as Burton water, con- 
tained the following salts per imperial gallon — 

Grams 


Sulphate of calcium 7° 99 

Carbonate of calcium 9*^4 

Carbonate of magnesium 5 88 

Sulphate of potassium o 96 

Sulphate of sodium i3‘3o 

Chloride of sodium 9*^2 

Ferric oxide ^ 


The grains equal 0-0647 gr and the imperial gallon is 4*543 
litres The analysis of beers obtained with these saline solutions, 
which we will indicate by their corresponding number, gave the 
following results. 




174 


INDUSTRIAL USES OF WATER 



Fenncnted extract 
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With all these solutions saccharification was completely ter- 
minated in an hour, with the exception of the experiments made 
with the carbonates of sodium and of magnesium. In the case of 
the carbonate of magnesium solution prepared with distilled water 
saccharification took two hours ; with carbonate of sodium it was 
not finished at the end of this time. Worts prepared with waters 
containing carbonate of sodium always have a reddish tint. 

The experiments of Wmdisch show that a trace of carbonate or 
of sulphate of sodium in solution in the presence of carbonate of 
lime IS sufficient to give a much more noticeable coloration than 
with carbonate of sodium alone, about 1 5 grammes per hectolitre of 
which are required to produce an apparent coloration. All the 
saline solutions prepared by Readman give clear worts, with the 
exception of those made with the carbonates of magnesium and of 
sodium 

The order of the coloration of the beers obtained may be 
arranged as follows, according to their corresponding numbers : — 

I 13 7 4 6 12 II 10 3 8 2 5 g 

From the point of view of odour, flavour and keeping qualities, 
the beers have the following characters • — 

No i —The odour of the beer is agreeable, but the flavour lacks character 
No 2 —The taste is very bitter and piquant, with a rough after-taste , the odour is 
lathei strong 

No, 3 —The odour is soft and agreeable, and the flavour perfect 
No [ — A puie tasting beer 
No, 5— Not tasted 

No, f) — Pcculiai flavour, strong and rather unpleasant 
No 7 —Medicinal flavoui, but an agreeable odour. 

No H — Disagieeable odour and taste, and very unclear beer 

No 9 —As the beer has fermented imperfectly, it has a weak unpleasant taste. 

No 10 - -Disagieeable odour and unpleasant taste 
No II — Agieeable aroma, pure tasting beer 
No 12 — A lathei unpleasant flavour 
No 13 —Good, but rather lacking in taste 

As regards the diminution of density, the beers may be arranged 
as follows — 
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Nob. 

Subhtancca. 


Loss of 
weight. 


Sulphate of calcium 

r- 


4 

l 059 I •012 
K. 710 P. 

47*0 

6 

Chloride of magnesium 

roS« i'oi2 
IH" P. 73 '-’ I*'. 

<j6*o 

X 

Distilled watei 

i' 0 S 7 1012 

4H'' P. 70'* P. 

45 5 

5 

Carbonate of magnesium 

rof)5 ro2x 
48'*' P. 70*' P. 

44*0 

XI 

Hurton watei 

i-oOo roiO 
.|S“ P. 7i'' P. 

44'o 

2 

Caibonatc of calcium 

I *051 I 009 
|.H'^ P. 71" P 

4'«*5 

7 

Sulphate of magnesium 

1 058 1 oiO 

4H'‘ P P 

42*0 

1 3 

Chloiide of calcium 

1 057 r f)iO 
' P 71 " 1 ' 

41 0 

9 

Carbonate of sodium 

I 054 l oic; 
[S'* P 7."' 1- 

19 t) 


lildinbuigh watei 

roS4 I 015 

•)jn I' 71 " I< 

19 

S 

Chlondc of sodium 

1 o^fj I oi'S 
50" P 7j"I' 

pSo 

13 

Sulphate of potassium 

I OSS 1 ().>() 
iK" I' /o" !• 

1 )'*> 

10 

N 111 ate of potassium 

1 052 1 oiy 

11 


Rangiii}' thorn in order, the luunhered beers gave the lesults 
shown in the (bllowing table - 


No 

Sul)'*Untc». 

•S pc 

alu Ki'Oity 

Ah oliol 

P( I 1 ( nt 

•1 

SiilidliUe of calcium 


1 01 H) 

, 88 

1 I 

lluiton watcM 


I 01. *7 

1 7‘’ 

6 

C/liloiide of tn.igiu'suim 


I 0 12/ 

1 h| 

I 

Distilled w.iiti 


j 01 'S 

) •)/ 

7 

Sulphate of magiusiuin 


i 017^ 

1 11 

5 

Caibonatc of magnesium 

Noi 

cU*t( imiiu d 

1 *9 

1 

Chloiidc of calcium 


I oi()s; 

1 


Caihonate of c.ilemm 

1 

I 009 

I 0 1 8 j 

1 9h 

1 •'^1 

8 

Chloi ide ()1 sodium 


12 

ICdmhmgh watei 


1 01st) 

1 7^ 

9 

Caihonate of sodium 

Not ( 

dull iinmtd 

1 71 

JC3 

Sulphate <d iiolassuim 


1 0211 

1 71 

10 

Nitiate of potassium 


roi97 

1 2() 


Not only the mineral and organic matters may be harmful in 
the manufacture of beer, but also micro-organisms contained in the 
water may lead to bad results. In their presence the beer acijuires 
.a disagreeable taste, and undergoes changes which deteriorate its 
keeping properties. The fir.st precaution to take in the brewery 
is to use absolutely clean and limpid water, and to scour mo.st 
thoroughly all vats, pumps, casks, and the different utensils used. 

All waters contain bacteria in a larger or smaller proportion, 
tout if no more than 150 microbes to the cubic centimetre are 
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found in them they may be used in brewing if no other water is 
available. 

The water containing the least possible number of bacteria should 
be sought for, and any clear water that on being allowed to settle 
for a few days turns turbid should be rejected, as it proves that it 
is polluted with micro-organisms in a good medium for culture, and 
that a constant reproduction is going on. Not all bacteria occasion 
accidents in the manufacture of beer ; the acetic ferment, viycodernia 
aceti, may live in the wort without harming it. 

Lactic acid, produced by the lactic ferment, usually diminishes 
the activity of the yeast. A strict control should be exercised on 
the purity of the yeast, as the sure and regular process of the brew- 
ing depends upon the regularity of its development and the absence 
of ferments harmful to the yeast, which are frequently contributed 
by the water In particular water containing a superior order of 
bacteria, renothrix kidmzana^ which resembles seaweed, must be 
avoided This bacteria is met with in stagnant waters polluted 
with organic matters 

The progress of the science of bacteriology allows us to make 
an attentive examination of the way in which the bacteria behave 
in the wort and in the beer, and consequently to know whether they 
develop in the woit oi '^olely in the beer, or in both. 

The development, rapidity of reproduction, and nature of the 
bacteria should be studied, and they should be counted in a given 
volume of liquor. After this, the effects of their presence should be 
noted, that is to say the action they exercise on the wort and beei 
and their influence on its taste, odour, brightness, and keeping 
qualities 

It IS in the wort that the bacteria find their best breeding ground, 
and multiply most lapidly, but according to Hansen the major part 
of the bacteria found in water cease to develop when the \ east is 
added to the wort. 

Impure waters and ices made from them often contain a bacteria 
which IS vei*}' dangeious in brewing, sarane often known as Fedto- 
cocLiis ccrevzsicu This microbe is extremely small, of much inferior 
dimensions to those of the yeast, and shows itself m isolated points, 
coccus, or in double points, diplococcus These turn the beer turbid, 
give it an acrid taste, and make it acid 

It must be remembered that not only the water, but the air is 
polluted with micro-organisms, especially when breweries are in the 
neighbourhood of farms where manure heaps are exposed. The 
sarcine develops most in the beers which have lost most weight. 
According to H. Vogel, it may be remedied by adding two or 

12 



178 


INDUSTRIAL USES OF WATER. 


three litres of new barm to every ten hectolitres of beer, and this 
addition should be made just before bunging the casks. 

In bitter beei-s, the development of the sarcine can be remedied 
within a certain limit by adding 30 grammes or so of hops per 
hectolitre, the hop acting as an antiseptic as regards sarcine Waters 
containing the fungoid growth known as Beggiatoa alba usually give 
off the characteristic odour of sulphuretted hydrogen. They arc 
then unfit for brewery purpose.s. It is indispensable, therefore, to 
have a water free not only from organic matter but from micro- 
organisms, and this must be done by <i thorough preliminary filter- 
ing, or better .still by complete sterilisation. 



CHAPTER XVII. 


WATER IN DISTILLING. 

Water plays an important part in the distillery. The working of 
the malt may be completely spoilt by the nature of the water. This 
happens when the water is polluted with organic matters, which 
provoke a putrid fermentation of the grains, and make them unfit 
for malting. 

The sulphuretted hydrogen has an altogether harmful action, 
and sometimes, without its presence in the water being revealed 
before steeping, it shows itself afterwards, in consequence of the 
reduction of the sulphates, sulphate of calcium in particular, by the 
■organic matters under the influences of temperature and pressure 
The salts of iron have also a harmful effect, inasmuch as they retard 
germination 

In the previous chapter the effects produced by the water in 
malting, according to its nature and composition, or in other words, 
according to the bodies it contains, have been e-\amined, and the 
remarks made thereupon apply equally to the preparation of the 
malt in the distillery. 

It must be noted that the malt for distilling, contrary to that 
for brewing, must be very rich m diastase and, consequently, the 
germ has to be developed to a greater extent As a rule, it is allowed 
to grow to the length of the grain According to Kusserow, when 
this is done the malt gives a wort, rich in soluble phosphate, which 
is excellent food for the yeast, and greatly increases its vigour. 

It is evident from this that the effects produced in malting for 
brewing are amplified in the distillery, and therefore the composi- 
tion of the water should be very attentively examined. Oxide of 
iron lessens the activity of the diastase of the malt by forming an 
insoluble compound with it, and carbonate of magnesium is also 
harmful to the amylase. 

The varied germs, lactic, butyric and other ferments, introduced 
by the malt, interfere considerably with fermentation, to the detri- 
ment of the yield in alcohol and of the rapidity of the work. The 

(179) 
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reproduction of the yeast-cells becomes slower in the presence of 
acetic and lactic acids, this latter considerably slackens the activity 
of the yeast in its alcoholic action 

In the acid process, although hydrochloric acid acts as an anti- 
septic with regard to certain harmful ferments, water containing 
them should not be used. 

The reproduction of the yeast-cells is slackened by the presence 
of chloride of calcium in the water, and sea salt acts in the same way. 
When they are in sufficient proportion the salts of copper prevent 
the reproduction of the yeast Sometimes even the presence of 
copper in the wort is detected, although the water used docs not 
contain it. This arises from the attack of the acid on the copper 
basins, in which case the metallic salt enters into solution 'fo 
prevent this some makers line the stills with tin Very vigorous 
yeast is obtained with sulphate waters. 

In the aseptic piocess with jh//y/owya’s AW,w/, which we owe* 
to the lesc.irches of Dr Calmette, Diiector of the Pasteur Institute* 
at Lille, followed up by the woik of C!ollette, Hoiilin aiid IVIousain, 
the operation is earned out in as neiitial a medium as possible, so 
that the diastase of the ajnylo)tiyit\\ tan e\eicise its sac ch«u dhrous 
influence to the gicatest jiossible c'xteiit Phis process opems out 
a new era, <ui(l is an e.xample of the ap])lic«iti()n of «i scientific dis 
coveiy to practical purposes 

;\ v(‘ry advantageous modification ol the proet‘ss wliicli \\(‘ 
owe to Moiisam and Hoidm, substituU's Ko/i, ninan loi the* 

A Hi]>lo)nyics l\oi{\ii, and witli this the* a< idity v.int's, as a lulc*, 
betwc*cMi 0’3 gr and 04 gr jk'i litre ol woit \vlu*n the* \ at is 
closed , .UK I .'iccordiiig <ls the* \\atc*i contains a gn*atc*r or lc*ss ])i()- 
portion of the salts ol lime or magnesia tin* dose* ol hydioclilout 
and sulphuric acids to be added h.is to he* incie.isc*(l 

h'oi a vat holding i,U2 lK‘clolities, c'lKugcKl with in, 200 kilo- 
grammes of gniins, foiming a volume of a!)()ut 1,000 heclolitu's of 
wort, 5 litres of sulphuric acid and 15 lvilogi<unmc‘s of h}'(lio( hloii( 
acid aie used with normal water, and aftt‘r i)assmg with the* w.iter 
to the steriliser are all introduced into the vat. 

Some streams receive veiy alkaline lesiduary waters liom 
factories, as, for instance, the cfnuents of patter mills, and m 
ncutialising this alkalinity a large ciuantity of corres]:)onding soluble 
salts i.s formed, which may interfere with the action of m the 
vat. It must be noted that A"q/z is slackened in its multiplication 
if the water contains salts of iron. In thus case the saccharification 
of the starch by its diastase, analogous to the amylase of the malt, 
proceeds more slowly. The iron vessels are attacked by the first 
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portions of acidified wort, with the consequent production of ferric 
salts, and this must be avoided as far as possible. Both in the prelim- 
inary work in the laboratory and in the application of the process on 
a commercial scale, the wort employed must be thoroughly sterilised. 

In the AmyLomyces process an addition of 2 to 3 per cent of 
malt is added to the vat, in order to solubilise a part of the starch, 
and facilitate the work of the Koji^ which under these conditions 
gives a 5 per cent higher yield of alcohol than in the acid process. 

The preparation of malt in the Amylomyces process necessitates 
the same precautions, and consequently the same troubles may arise 
as in any other malting in the daily work in the distillery. The 
action of waters charged with calcic salt is very noticeable in the 
boiling of the grain which it hinders by forming combinations of 
the salts of the alkaline earths When the vats are refrigerated 
with water charged with the salts of lime or magnesia, a deposit is 
formed on the side, which greatly retards the cooling of the vats. 
This should be watched and the encrustation removed with hard 
brushes and, if necessary, it should be cleared away with a brush 
dipped into water slightly soured with hydrochloric acid 

In distillation and rectification the water should contain a 
minimum of the salt's of lime and magnesia, as in depositing they 
interfere with the regularity of the cooling process, and may occa- 
sion an irregular and unnatural product. 

As regards the boilers, the deposits therein, their effects and the 
possible remedies, this question has been gone into in the chapter re- 
lating to boilers As water containing the salts of the alkaline earths 
gives a precipitate which makes alcohol turbid, the distillers frequently 
sell distilled water with their alcohol for the purposes of dilution The 
distilled water sold by some distillers is unsuitable for the purpose. 

Water obtained from the condensed steam from the working 
parts of engines must especially be guarded against, as the steam 
often carries off decomposed fatty matter, which gives a disagree- 
able flavour to alcohol diluted with this water 

This question of distilled water is of importance, but neverthe- 
less It IS often neglected by the dealer, who frequently waters his 
spirits with water sold under the name of distilled water, but 
containing various bodies arising from the transformation of sub- 
stances originally contained in the water. 

For instance, distilled water containing hydrochloric acid, 
ammonia or even chloride of ammonium, ma}^ be met with. The 
water produced by the special still of Egrot, which we will describe 
later in writing of the purity of water in analysis, may be used for 
watering down spirits. 



PART III. 


PRELIMINARY TREATMENT AND APPARA'l'US. 

All chemical .substances capable of preventing the harmful effects 
of salts in solution m water by eliminating them or transforming 
them into other bodies are suitable for purifying waters on condition 
that they do not introduce into the water directly or indirectly other 
matters which may cause harmful action 

Very frequently m obviating the effect of certain salts a chemical 
substance is added to the water which certainly acts m this maimei 
but leads to the production of other bodies even more haimfiil fronv 
the industrial point of view. It is therefore of the highest import- 
ance in the preliminaiy treatment of .i water, to take into aceoimt 
not only the immediate action of the body added hut all s(“coiidar\' 
reactions. 

The mtioduction into the water of ,i single salt has olteii no 
harmful mnuence m a particular industry, but the use of several 
salts may lead to leactions which may c.uise trouble in the piocesses 
of the industry It is these reactions which as a rule aie iiiiiieiceived 
and neglected which must be foieseeii and the coriect deductions 
must be drawn fiom them The composition of a watci may caust- 
much trouble in its industrial use, and an attentive c.\ainiiiation 
of the water forewarns the manufacturer and jiiovides him with <i 
means of preventing accidents This examination, however, must 
be thorough, as otherwise the chemical substances employed as 
remedies may have no real efficacy. 

In describing the chemical purification of feed waters in boilers 
we have examined the use of many reagents, the oxide.s of the 
alkalies, and of the alkaline earths, such as soda, potash and baryta, 
the carbonates of sodium and of potassium, chloride of barium, and 
aluminate of barium. These .salts may also be cm[)loyed in the 
preliminary chemical purification of waters for industrial u.ses, and 
a large portion of what we have already said applies to this subject 
also. 

Nevertheless we will describe the employment of these salts> 

(1 82) 



PRELIMINARY TREATMENT AND APPARATUS. 183 

paying the most attention to those which, rightly or wrongly, have 
been specially recommended for this purpose. 

We will take to begin with the oxides of the metals of the 
alkaline earths, that is to say, lime, magnesia and baryta, and then 
proceed to the alkaline carbonates and the oxides of the alkalies. 

Next we will treat of the question of the precipitation of bodies 
in suspension in water The importance of preliminary chemical 
purification has roused the inventive faculties of machine makers 
and many special apparatuses have been put on the market to solve 
the problem of the purification of water. Consequently we wilt 
examine the working of the principal types of these machines in 
a special chapter. 

Finally we shall examine the filtration of water and the methods 
of freeing it from the precipitates obtained in purification by study- 
ing the most important types of apparatuses for the purpose. 



CHAPTER XVIII. 


SU13STANCEH USED FOR PRKI.IMINARY CHEMICAL PURIFICATION. 

(a) Purification by Lime, — Carbonic acid in excess holds carbo- 
nate of calcium in solution in the water, and on saturatinj^ this 
carbonic acid with lime the precipitati<;n of the neutral carbonate 
of calcium is brought about. Clark’s method depends upon this 
principle. 

The principle is still applied, and some really advantageous 
modifications have been grafted on it The action of lime on car- 
bonate of calcium in solution in water is shown m the followin^i; 
reaction . — 

( 'a( X )/ '( L + C\a(()H), --- 2( 'aCX ), -i- 1 1.,( ). 

In the case of a simj)le carbonate w<iU‘r, that is to say holding; 
carbonate of calcium in solution <done, tlie carbonate of liim‘ is 
piecijiitated. In this case then it is sunh'U'nt to purify the water 
in a U'servoiror special apjiaratiis 'rhc‘ piec'ipil<ilion oftlie iic'utial 
caibonate of lime takes a Ion<^ time if nK‘n‘l\ c'lioui^h linu^ loi llu‘ 
purpose is added 

To obtain a rapid separation of the jiiaicijiitate enou,i;h linu‘ is 
added to three-(iu<irteis of the w,iter to pn'CijiitaU^ the cMrbonale 
in the whole of it, then after a thoioii^di stiriino the lest of tlie water 
is added. In this way the precipitation is thorou^i;h, and takes only 
about eight hours. 

This metliod of procedure has the advantage that considerable 
and unnecessary quantities of lime are not introduced into the watca*. 
An excess of lime is often more troublesome than the carbonate of 
lime from which it has freed the water. Some manufacturers use 
lime water and to facilitate the precipitation employ s[)ecial appa- 
ratuses and devices which wc shall have occasion to describe m 
another chapter. In these apparatuses a series of reservoirs serve 
for the addition of the reagent and to decant the purified liquid, 
which is passed finally through filtering matters. 

This method, however, only eliminates the carbonates of the 

(184) 
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alkaline earths of calcium and of magnesium. As for the other 
soluble salts which are frequently found in waters, and which are 
the source of trouble in the industries, such as the sulphates of 
calcium and of magnesium, and the chloride of calcium, they are 
not eliminated by lime. Therefore other bodies are employed with 
the lime in order to eliminate the sulphates of the alkaline earths. 

For this purpose the alkaline carbonates, caustic soda and 
potash, baryta, and the salts of barium, are employed, and these 
precipitate the sulphate of calcium in the water. The reagents or- 
dinarily used along with lime are caustic soda and potash, carbonate 
•of soda or of potash, and chloride of barium. 

{d) Purification with Caustic Soda or Potash and Lime. — We 
have seen that lime eliminates the carbonates of the alkaline earth 
by precipitation. By adding caustic soda or potash to the milk of 
lime, or lime water, the sulphates of the alkaline earths, of calcium 
or of magnesium, and the chloride of calcium, are eliminated ac- 
cording to the following reactions — 

2CdC03C0.j + CaSO^ + CaCU + 2NaOH + Ca (0 H) ^ — 3CaC03 
+ 2 H3O + CaSC)^ + CaCl2 + N a3C03. 

Soluble carbonate of soda is produced, which reacts in its turn 
on the sulphates of calcium or of magnesium and on the chloride 
of calcium — 

2Na,C03 + CaSO, + CaCl , = 2CaC03 + Na.SO^ + 2NaCl. 

Finally, chloride of sodium and sulphate of sodium remain in 
solution in the water, and these are not ordinarily harmful m 
industrial waters 

The purification of water with lime and caustic soda combined 
IS therefore one of the best methods, as not only does it eliminate 
the harmful salts but this is done without the introduction of 
chemical substances which lead to reactions productive of other 
substances harmful to industrial processes. 

Several makers of special apparatus such as Berenger and Stingl, 
Gail let and Huet, Desrumaux and Dervaux, have therefore adopted 
this process, and highly recommend it. It must be noted that the 
caustic soda and potash must be carefully quantified and that the 
purified water must have no trace of alkalinity as otherwise its 
employment will lead to accidents 

For instance, if theie is an excess of lime, caustic soda or potash, 
any metal with which the water comes in contact will be corroded, 
or if there is merely an excess of lime the water will lead to a waste 
of soap, and of the chemical products employed in certain special 
industries. 
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(c) Purification by the Alkaline Carbonates and Lime. — Caustic 
soda, instead of carbonate of soda, is sometimes added to the lime 
in purifying waters, as it is a less expensive salt. 

Sometimes a manufacturer mixes together slaked lime and carbo- 
nate of sodium, taking care to have an excess of the former. In 
this case the lime is carbonated by the carbonate of soda, but 
a more rational method of obtaining the results of each of these 
reagents, without subjecting them to inter-reacti(ni before they are 
brought into use, is to purify the water to begin with with the lime 
and to precipitate the sulphates of the alkaline earths with the 
carbonate of soda afterwards in another reserve^ir 

We may add that in mixing carbonate of soda and lime the 
carbonate of lime is preci[jitated and caustic soda formed , the liciuor 
may then be decanted, and caustic soda and lime obtained only in 
solution, which may be used in purifying the water as m the pie- 
ceding case Instead of caustic soda or carbonate of soda, chloride 
of barium may be used. In this case the sulphates of calcium and 
o( magnesium are eliminated by the chloride of barium and the 
c<irb(jnates are precipitated with the lime. 

Purification with Magnesia.— h'or some years magnesia, 
suggested by Bohlig, Ileyne and de JJerschau, h«is been much 
einiiloyed This method dejiends upon the precipitation ol the 
bicaibonates of the alkaline e<uths by the nnignesia, which tnins- 
forms tliein into ncutial caibonatc with the i)iocluction ol c.ii boiiaU' 
of magnesia 

'I'liLis in the case of c.ilcic bicarbonate wt‘ obtain 
C'aCC)/X)., H MgO - C aC^O., + Mg('C), 

In the case of bicarbonate of inagiuisia thci neutral carbonate (»f 
magnesium alone is formed * -- 

MgCC),,CO, + MgO - 2MgC(V 

This precipitation rec|uires heat and takes place at about 45" C. 

The neutial carbonate of magnesia thus formed reacts in its 
turn on the sulphate of calcium 111 solution in the water, and pre- 
cipitates it in the state of neutral carbonate of calcium : — 

MgCO, + CaSOi CaCO„ + MgSO^. 

It will be seen that in the purification with magnesia the 
sulphate of lime is precipitated by the formation of carbonate of 
magnesium, and that the sulphate of magnesium remains in 
solution in the water. 

We see, therefore, that the precipitation of the sulphate of 
calcium is subordinated to the formation of carbonate of mag- 
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nesium, and consequently there is a limit to this precipitation 
which it is necessary to determine. The conditions under which 
this neutral carbonate of magnesium is formed must therefore be 
examined. Several cases present themselves according to the com- 
position of the water 

1 The water contains bicarbonate of lime and sulphate of 
lime. 

2 The water contains bicarbonate of lime, bicarbonate of mag- 
nesia, and sulphate of lime 

I. In this first case the sulphate of lime is not completely pre- 
cipitated unless it IS in excess over the bicarbonate of calcium. 

According to the reaction . — 

(// - i)MgO + (// - i)CaC 03 C 0 ., = (n- OCaCOg + (^ - i) 

MgCO^, 

and the secondary reaction — 

(;/ - OMgCOj + wCaSO^ = - i)CaC 03 + (^i - i)MgS 04 + 

CaSO^, 

it will be seen that the precipitation is complete as regards the 
ji - i molecules of calcic bicarbonate, but that the molecules of 
sulphate of calcium are completely precipitated, and that a free 
molecule of sulphate of calcium still remains in the water 

Not magnesia but carbonate of magnesium must be added to 
precipitate this remaining sulphate of calcium — 

CaSO^ + MgCO,, =■ MgSO, CaCO^ 

We will now calculate between what limits the proportion of 
sulphate of calcium should be in the water with relation to the 
bicarbonate of calcium, when magnesia alone is used to purify the 
water, without the necessity of using any other substance such as 
carbonate of magnesium to precipitate the remaining sulphate of 
calcium As we have noted, a molecule of magnesia precipitates 
exactly one molecule of neutral carbonate of magnesium, which in 
its turn precipitates a molecule of sulphate of calcium 

As it is a question ot equal molecules, we may calculate the 
molecular weight of sulphate of calcium and of carbonate of 
calcium (CaSO^ = 136, CaCOj = 100) 

From the preceding reactions, it is evident that water can be 
purified in a complete fashion with magnesia alone only when the 
proportion of the quantity of sulphate of calcium to that of carbon- 
ate of calcium contained in the water, given by the hydrotimetric 
analysis of the water, is smaller than the relation of their molecular 
weight, 
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If, on the other hand, the relation of the quantity of sulphate of 
calcium to that of carbonate of calcium in the water is greater than 
the relation of the molecular weijj^ht, 1*36, it is necessary to add 
.another substance, such as carbonate of mai^nesium, in a quantity 
which it is easy to calculate accoiding to the reaction - 
CaSO, + M^CO, = CaCC)., + 

that is to say, for one molecule of sulphate of calcium to be 
.precipitated it is necessary to add a molecule of carbonate of 
magnesium. 

To calculate the ciuantity of carbonate of magnesium to be 
added, it is necessary to note to begin with the ([uantity of sul- 
phate of calcium which is capable of precipitating the caibonate 
formed 

If P be the weight of carbonate of calcium contained in the 
water, P x 1*36 will be the weight of precipitated sulphate of 
calcium contained in the water If the total weight of sulph.ite 
of calcium is represented by O Lnere will remain still to be precipi- 
tated a weight (J - P X 1*36 of sulphate of calcium 

To precipitate this weight O - P x 1*36 of sulphate of c«ilcium 
the number 0*617 is the multiplier of carbonate of calcium, and the 
letters may be replaced by then* numerical value 111 the f()lh)wiiig 
formula: - 

(Q - 1-36)0617 

This inclicatc's the.' quantity of caibonate of inagiicsiiiin to he <i(l(led 
t<') obtain a comj )h‘U‘ puiifieation 

2 In the setond c<isc‘, whcie the water contains carbonate of 
inagnesnim acc'oiding to thf* le.ictioii* 

Mg(’().,C()., + MgO - eMgCO,, 

the ])recipitalion of <i molecule ol neutral cai bon. ite of magnesium 
in solution in the w.itei leads to the formation of two molecuk^s of 
neutial carbonate of magnesium, whudi i)reci]>it<'ile two molc:ciilcs 
■of sulphate of calcium. 

Huge quantities of magnesia .'ire used in the non foundries 
to dephosphorise iron, and hence magnesia is on the market at 
reasonable pi ices. Closson suggests that it .should be extracted 
from dolomite. Nevertheless j>urification with magnesia requires 
gi eat care, on account of the secondary reactions that arise These 
are not sufficiently taken into account and have frequently led to 
industrial troubles. 

We shall see later on that under its appearance of inertia sul- 
phate of magnesium is a dangerous body in steam boilers. As the 
result of complex reactions it may lead to corrosion, and it must 
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be remembered that in purifying water containing a sulphate with 
magnesia there is a constant production of sulphate of magnesium. 

It must not be forgotten, moreover, that in addition to chloride 
of magnesium, which will be produced in combination with the 
chlorides contained in the water and is an extremely instable and 
very harmful body, certain reactions with very corrosive effect on 
the boiler may happen in the conversion of the magnesia into its 
hydrate. Moreover, in industries where soap is used magnesia can- 
not be employed, as it forms wasteful insoluble compounds with the 
soap. 

(e) Purification with Carbonate of Soda. — When carbonate of 
soda is used, bicarbonate of lime is obtained to begin with, and the 
neutral caibonate of lime is precipitated with the formation of the- 
soluble sesqui-carbonate of soda : — , 

CaC 03 C 0 , + 2 Na,C 03 + H.O - + C2iCO,. 

This sesqui-carbonate of sodium is decomposed in its turn into 
bicarbonate of sodium and neutral carbonate of sodium . — 

NajHoCCOa)^ = 2 NaHC 03 + Na^CO^. 

It will be seen according to this reaction that two molecules of 
bicarl^onatc of sodium are obtained, which have no influence on the 
subsecjucnt reactions It is advantageous to transform the bicai- 
bon<itc into neutral carbonate of sodium and this is simply effected 
by heating the water to about 70" C It then gives up one mole- 
cule of carbonic acid 

From this the introduction of two molecules of carbonate of 
sodium lesult, and these in a water which does not contain car- 
bonate of calcium in solution give again after the precipitation of 
the caibonate of calcium the two molecules of neutral carbonate of 
sodium This caibonate of sodium foimed reacts in its turn on 
the sulphate of calcium, and precipitates it as neutial caibonate of 
calcium — 

CaSO, + Na.CO^ == CaCO^ + Na.SO, 

Sulphate of sodium remains in solution, and this is not usually 
harmful. It may be added that the carbonate of sodium acts also 
on sulphate of magnesium, precipitating the magnesia as carbonate 
of magnesium — 

MgSO^ + Na.,C 03 =MgC08 + Na^SO,. 

The same thing happens with the chlorides of calcium and of 
magnesium : — 

CaCl,, + MgCl^ + 2Na,C03 = CaCO, + MgCO, + 4NaCl. 

Thus chloride of sodium is left in solution. 
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If the water contains only carbonate of calcium it is very easily 

precipitated by the carbonate of sodium even without heat. 

If the water conta.ins also sulphate of calcium, to purify it 

■economically the sulphate of calcium must not be in excess of the 

carbonate of calcium contained in the water. In this case it is 

necessary to calculate the quantity of carbonate of sodium required 

to precipitate the carbonate of calcium. 

In making this calculation if the relation of the quantities 

'CaSO^, , , 1*11 t • 

C aT CO" ^irisilysis are less than i ’36, there is no necessity to 


add carbonate of sodium. 


If the relation 


CaSO^ 

CaCO, 


IS more than 


1*36 carbonate of sodium 


must be added. 

If 0779 is the multiplier of cjirbonate of sodium, P the weight 
of carbonate of calcium contained in the water, as ascertained by 
hydrotimetnc analysis, and Q the total weight of siiliihale of 
■calcium, the ciuantity of caibonate of sodium to be added to the 
primitive cpiantity to precipitate all the sul}>hate of cMlcium ('on- 
tained m the water will be given by the forniul.i — 


(O - I 36 V) 0779- 

In practice, rather more than the theoieticMl amount is added 
In some industries there is no danger 111 introducing an excc‘ss 
of carbon. ltd of sodium, as for instance in coriecting w.itcrs for 
soap manuficture, but in otheis the .unount to be added must be 
carefully calculated, otherwise the c.irbon.ite of sodium in excess 
may attack metals, and m p.irticuLir the boiler-plates 

(/') Purification with Baryta and the Salts of Barium. —In the 
■case of c.'iustic baiyta, noth the carbonate and the siiljihate of 
calcium in solution m the water aie precipitated - 


CaCO/X), + Ha(OII), - BaCO, + CaCO, + 11,0. 

Carbonate of barium is obtained and this m its turn acts on the 
sulphate of calcium in the water : — 


BaCO;, + CaSO.; = BaSO, + C'aCO.,. 

If these two reactions alone are produced the carbonate of 
-calcium and the sulphate of barium being precipitated and elimin- 
ated, the water is perfectly suitable for use. 

Another reaction may take place. The caustic baryta may act 
directly on the sulphate of calcium, and in this case there is a 
formation of quicklime ■ — 

CaSO^ + Ba (OH)^ = BaSO^ + Ca(OH),. 
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This quicklime or caustic lime being soluble, remains principally 
in solution and may lead to trouble. It will corrode the metal of 
the boilers and lead to the formation of insoluble calcareous soaps 
if it is used in an industry where soap is used 

To avoid this, the sulphate of calcium is precipitated with 
chloride of barium. In this case sulphate of barium is precipitated 
and chloride of calcium remains in solution : — 

CaS04 + BaCl2 = BaSO^ + CaCl^. 

This chloride of calcium is also harmful in boilers, and in the 
industries in which soap is used, as it leads to a great waste of 
soap by forming insoluble compounds of lime. It may be added 
that carbonate of barium is also used to purify water, and some- 
times oxalate of barium or aluminate of barium are employed. 

{g) Purification with the Alkaline Oxalates. — Carbonate and 
sulphate of calcium are precipitated with the alkaline oxalates 

The advantage of this process is that carbonate of sodium is 
obtained, which reacts in its turn on the salts of calcium, as we 
have already shown. On the other hand, the oxalate of calcium 
which IS precipitated can be easily regenerated by introducing it 
into a solution of carbonate of sodium brought to the boil 

If the oxalate is properly regenerated, taking into account the 
saving caused by the formation of the carbonate of sodium and 
calculating exactly the amount of alkaline oxalate to bring about 
complete precipitation, this process is commercially practicable and 
economical As for the use of oxalate of barium, it has the same 
advantages as the alkaline oxalate 

(//) Purification with Aluminate of Barium. — With aluminate 
of barium both the carbonate and sulphate of calcium can be 
precipitated at once 

When the calcic bicarbonate is in solution in the water, the 
reaction is — 

BaAbO^ + CaCOyCO^ + H.O = CaCO, -h BaC03 + Al,(OH)o 

Although a secondary chemical reaction does not occur, as in 
the case of aluminate of sodium, which gives carbonate of soda, the 
carbonate of barium nevertheless acts on the sulphate of calcium 
and precipitates it in the form of sulphate of barium * — 

CaSO^ + BaCOa ^BaSO^ + CaC 03 . 

To precipitate the sulphate of calcium remaining in the water 
aluminate of barium is added which precipitates it as sulphate of 
barium. When the solution is not acid, aluminate of calcium is 
also formed. 
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(z) Purification with the Acids. — With the acids and in par- 
ticular hydrochloric acid, the carbonates of the alkaline earths aie 
transformed into soluble chlorides without energetic action on the 
sulphate of calcium. 

With the bicarbonate we obtain : — 

CaCX),,CO.> + 2 IIC 1 = ( aCU + eC'Ojr./). 

That is to say, chlorides of the alkaline earths arc produced 
which are not absolutely harmless. 

h^or instance, in boikirs they may lie decomposed and this will 
lead to corrosion. Moreover, in the industries using soaj) water 
purified in this way will lead to tioii])le, as the caibonaU's aie 
simj)ly transformed into chlorides, and the metal of the alkaline 
earth still remains, ready to form msolul)le soajis 

Although an exact calculation is made to know the <|uantily 
of hydiochloric acid to introduce into a water, in practice it is 
difficult not to have any excess of it, and to remedy this it is usual 
to pass the water acidulated with hydiochloric ,icid over carbonate 
of barium In this pass<ij4e the fiee hydrochloric acid is satuiated 
with banuin, and chloride of barium is foimed which remains m 
solution — 

2IICI + H.iC'O., IkiCd, -I- ('(), -1- Ih.O 
'rills reaction is j)if)duct'd slowly, .ind it is advantagc‘ous to heat 
the WriU'i a littU* t(j hasten il. 

I’he chloride* of banuin thus foiined reacts in its luin on the* 
sulphate of calcium, and the it'sult is sulphatt* ol banuin, which 
pivcipit.itc's 

(\iSO, -I IU(d, - HaSO, -I (\i('l. 

(diloridc* of calcium, howevaa, still lemaiiis in solution 

C'oMMKKCIAlv AN'II-INc KUSIOKS AND 'IIIKIR UsK. 

In addition to the numerous bodies which we h.ive desciibi'd 
used as piirifieis of water, whethcir for steam boiku's 01 for industnal 
use in f>eneral, certain specialities are put on the market which au* 
mixtures of thc\se bodies or others having analogous reactions on 
the salts contained in water 

Some of these products may be used not only as additions to 
the feed water to act as anti-incruslatoi s and disincrustators, but 
they may also be used in the preliminary treatment of water before 
industnal use, and can be employed with the special apparatus for 
the purpose. Among these may be mentioned Volant-Kckhout’s 
“ Calcophobe This is a mixture of neutral alkaline oxalates, of 



SUBSTANCES USED FOR CHEMICAL PURIFICATION. 1 93 


the salts of barium and of a vegetable extract ; this mixture varies 
in nature and proportions according to the composition of the 
water and whether it is to be used in a cold or hot solution. 

We have already studied the various efficacious reactions which 
the neutral alkaline oxalates and the salts of barium give with the 
salts contained in water. In the products of Asselin and Daude 
use is made of aluminate of barium. 

It is satisfactory to note that these products are not sent out for 
use until the maker has ascertained the composition of the water 
with which they are to be used and has obtained other necessary 
information. These products cannot be used efficaciously and with 
economy unless they are specially mixed according to the nature 
of the water, and unless the proportion to be used with such and 
such a water is accurately calculated. This necessity was formerly 
neglected, but it has been taken into consideration by several 
makers of these products, and tends more and more to become 
the general rule. 

We may note, for instance, Neulat’s “ Anti-Tartre,” the Societe 
le Selenifuge’s “ Selenifuge,” and Egrot’s “ Hydrh^^aline ” 

For instance the following information is required by the Neulat 
frm — 

1 Hydrotimetric degree of the water, or one litre of it for 
analysis 

2 Type of the boiler, tubular, semitubular or multitubular. 

3 Horse-power or quantity of fuel burnt per day. 

4 Number of working hours per day. 

5 Number of working days per month 

6. Is there any crust in the boiler^ 

The “ Selenifuge makers ask the following questions * — 

I xA litre of the feed water for analysis. 

2 . Type of the boiler, full particulars 

3 Quantity of fuel burnt per day. 

4. Quantity of water evaporated per day 

5 Number of working hours per day. 

6. Number of working days per month. 

7 Usual interval between complete stoppages for boiler cleaning 
and examination 

Among other well-known products we may mention Rodriguez 
Castroman’s “ Lithophage,” Couchemann and L. Gilis’s “ Solveine,” 
L. Jemart’s “Calsoline,” Constant’s “ Tartriphage,” Carton et Cie.’s 
Anti-Calcaire,” Boileau’s “ Desincrustant,” Compere and Faucher’s 
V6getaline,” Hamelle’s “ Anti-Calcaire,” Bretel’s ‘‘ Anti-Tartre,” 
Huron’s “ Anti-Incrustateur,” Lavoix’s Desincrustant,” Lachery’s 

13 
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“ Expurgine,” Drevdal’s “ Neulralinc,” Cambray’s “ Anti-Calcaire,"' 
Saurel’s “ Ddsincrustant,” Mcyher’s “Tartrol,” Floury Lograncl’.s 
“Briquette,” Fromicr’.s “Colorado,” Saycr’.s “ 1 losincru.stant,” V. 
Ackei'’s “ Ddsincru.stant Indicn,” L. Normand’.s “ Anti-Tartrc,” 
Lhtiritier et Cio.’.s “ Anti-Tartrc Chatillon,” Trotoux’.s “ Ddsincrus- 
tant,” Roux’s “ Nihil-Tartrc,” I’crimbcrt’s “ Ddsincrustant,” Magnot’.s 
“ Baratartre,” Taillandier’s “ Dcsincrustant,” Main’s “Anti-Tartro,” 
Nivet’s “ Tartrifugo,” Weiss’s “ Lithordactif,” Raby and Willain’s 
“ Capnomorc,” Gisslor’s “ Parasol,” Bistro’s “ Ddsincrustateur,” etc. 

These various products may bo used by introducing the proper 
proportion of tho speciality preferred into the boiler once a month. 



Fill. OS -- Device foi intioiUicin}; (hsuuuist.ints into tlie boilei 

but it is in'cfcrablc to use them duly, taking stnet account of the 
volume of water employed. I'he products aie mixed cithei In- 
usinj^ the feed cistern, the pum]) or the injectors. 

If theie is no feed cistern the product may be introduced very 
simply by the arrangement shown in 68. Here a tap is fixed 
m the suction pipe of the boiler, and connected by means of an 
indiarubber tube with a bucket containing the clisincrustant in 
solution. In order to introduce the disincrustant into the boiler 
all that has to be clone is to turn on the tap connected with the 
bucket by the indiarubber tube and to turn off the principal tap 
shown in the middle of the suction pipe. A method recommended 
by Volant- Eckhout consists in fixing a small reservoir similar to a 
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lubricator on the suction tube. This has an upper and lower tap as 
shown in fig. 69. 

The reservoir is filled with disincrustant by opening the upper 
tap, then after having shut this the lower one is turned on, and the 
disincrustant is distributed. 

DelofTre’s apparatus for use with either liquid or solid disincrus- 
tants is composed of a reservoir D provided with a screw cover C, 
and a clearing out tap B in the lower part. 

This apparatus is fixed as shown at E on the tube of the feed 



Fig 6g — Arrangement to introduce disincrustants into boilers 


pump as near as possible at the safety valve. In working, the tap 
IS shut and the water is run off by the tap at B. This having been 
done, the cover C is screwed off, the tap B is closed, and the disin- 
crustant IS put into the reservoir D. 

After having screwed down the cover C tightly, the tap letting 
the disincrustant into the pump is gradually opened, and the dis- 
incrustant is forced into the boiler. 

Some disincrustants have not well-determined chemical action 
on the salts contained* in the water, but for all that give favourable 
results. In using them, it is just as necessary as in the case of the 
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products with well-determined chemical action to gauge the pro- 
portion needed according to the nature ■ind volume of the water. 
In order to do this, a scries of experiments arc made with the 
disincrustants, diminishing the proportion used until the minimum 
dose consistent witlr efficacy is discovered. 

This minimum will be the proportion of the disincru.stant to be 
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used with the volume of water employed, and a simple calculation 
will give the quantity necessary for the daily addition 

In the case of dye-works, finishing-works, bleach-works and 
paper-mills, where these various products are used, we recommend 
that their makers should be told exactly the natuie of the business 
carried on, and in this case the makers should modify their speci- 
alities to suit the particular industry. 



CHAPTER XIX. 


PRECIPITATION OF MATTERS IN SUSPENSION IN WATER. 

For ages past the Chinese and Indians have cleared waters rendered 
turbid by matters in suspension by using alum This method is 
still applied, and can be employed not only to precipitate the 
matters in suspension in the water, but also in the case of very 
finely suspended precipitates produced by various reagents used to 
soften water. 

In purifying water the precipitates produced ought to aggregate 
quickly and deposit, otherv\ise a long and troublesome filtration is 
required and the very finely suspended particles are sure to clog 
the pores of the filter. The use of sulphate of alumina depends 
upon the formation of a precipitate of alumina, which quickly 
carries down with it all matters in suspension in the form of lakes. 

The alumina is precipitated from its sulphate in the presence of 
the alkaline carbonate — 

^1/504)3 + 3CaCO, = 3CaS04 + AhO, + 3CO3 
Or of lime — 

Al.fSOja + 3CaO = 3CaS04 + AhOj 

According to this, it will be seen that in purifying water with 
lime some sulphate of alumina should be added in order to carry 
down the precipitate and to obtain a rapid filtration. 

The proportion to be used is about 10 grammes per cubic metre 
of water. The salts of iron may also be employed instead of the 
alum, but of course in this case the precipitate obtained is the 
hydrate of ferric oxide, which plays the same part as the alumina 

With perchloride of iron and the alkaline carbonates, the follow- 
ing reaction is obtained • — 

Fe2Cl|3 + 3CaC03 = Fe203 -1- CaCU + 3CO2. 

With lime, it is as follows 

FcjClg + sCaO = sCaClj + Fe 203 . 
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The pcrchloride of iron is reacted upon by the lime or carbonate 
of lime, and in addition to the ferric oxide formed soluble chloride 
of calcium is obtained. In many cases this chloride of calcium 
may be troublesome if the reagents added to purify the water do 
not transform it into another .salt, for instance into an alkaline 
chloride which is perfectly harmless. 



CHAPTER XX. 


APPARATUS FOR THE PRELIMINARY CHEMICAL PURIFICATION OF 

WATER. 

Pi Gaillet’s settlers. — The vertical settler is formed of a rect- 
angular tank, containing 1 5 shelves at an angle of 45“, and fixed 
alternately on opposite sides of the tank. They form as it were 
a series of buckets, each of which can be drained by a tap. The 
purified water to be cleared enters the apparatus at the bottom, 
and, arriving at the first shelf, follows the ascent of the slope, and 
thence passes to the shelf next above, which it descends, and then 
goes up the next shelf, and so on to the last, b}' which time it is 
entirely freed from solid particles 

On account of the slope of the shelves, the suspended matter 
which becomes deposited on them goes down to the angles at the 
side of the tank, where the pressure of nater makes its removal easy 
on opening the tap In this way clarification is facilitated, for the 
circulation of the watei takes place where there is least deposit 
Figs 71 and 72 represent a vertical purifier with reservoirs for 
reagents In this arrangement the supply of reagents and w'ater is 
assured by constant level regulators, depending on the action of 
floats on an inlet valve The outflow is regulated with precision by 
taps, or valves w'orked by a rack and pinion 

By means of an indiarubber pipe, with floats in the reagent- 
reservoirs, the purest part of the liquid is drawn off, which passing 
into the settler, acts on the water to be purified, and precipitates the 
salts of the alkaline earths from the water 

Like the vertical settler, the horizontal one has inside a series of 
shelves, slanted so as conveniently to collect to one point the solid 
matter The metal tank which receives the water to be purified 
IS of rectangular form, with a triangular part at the bottom which 
has faces with the same slope as the shelves By this arrangement 
the solid particles slide easily over the shelves and collect at the 
lower part, which is provided with a tap for getting rid of them. 
To prevent the current in its ciscending movement hindering the 
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7X. — Gaillet's vertical settler. 
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settlement of the precipitjite, the .shelves are prolonged into the 
deposit-receiving vessel, into which, therefore, the solid particlc.s 
slide straight off the shelves. 

The liquid passes through holes in the shelves, and the edges of 
the holes are turned up tc; prevent the solids meeting in their descent. 
Let us add that a filter is attached to the .settler and completes the 
'Clarification. 

P. Gaillet’s Cylindrical Purifier.--/rhi.s is compo.sed of a cylindrical 
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receiver, terminating below in a cone with an emptying taj^. A 
series of pieces of metal, fitting one into another, is arranged along 
the axis of the cylinder These pieces are circular and pierced 
with holes symmetrically arranged and covered with a jacket which 
directs the deposits downwards, and prevents them from following 
the ascending currents. The surfaces of the shelves are triangular 
with turned-up edges forming trenches from the centre to the cir- 
cumference, in which the water to be clarified rises over their whole 
extent. 
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The water to be clarified enters the settler at the bottom through 



Fig. 75.— Gaillet’s automatic punlier. 

a tube in the central column, from which branch tubes to direct the 
liquid upwards, so as not to stir up the deposit at the bottom. The 
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water rises by the trenches of the first storey, and having traversed 
them meets the unperforated parts of the upper storeys, and is 
thus forced to pass above the deposits 

It is to be noted that the orifices in a central part correspond to 
the unperforated places of the contiguous parts, so that the trenches 
in one set of shelves correspond to unperforated parts of the con- 
tiguous sets. This arrangement changes the course of the water 
without abi'uptness, and the circulation takes place in thin streams, 
which favours the settlement 

As to the deposits which form on the shelves, they slide over 
them, and pass regularly into a central tube which takes them to 
the bottom of the apparatus. A filter, formed of an annular space 
concentric with the settler, can be divided into two parts, to enable 
it to be cleaned without stopping the purification The water, on 
leaving the settler, passes through a channel which takes it under 
the filters, through which it passes to a reservoir which receives the 
purified water 

The apparatus for preparing the reagents is usually placed above 
the settler It is terminated by a cone which penetrates into the 
settler It communicates by an outlet valve and a pipe with the 
base of the latter, which receives the deposits from it 

If lime only is used in the purification of the water, a distributing 
vessel ensures a properly proportioned flow of reagent and water, 
but if other reagents are employed, such as soda, ferric chloride^, 
aluminate of soda, etc, they are introduced into reservoirs on the 
top of the purifier, and with automatically regulated outflows. It 
must be noted that Gaillet contemplates, m his apparatus, the com- 
bined use of lime and soda. 

In the preceding figure, which represents a section of a cylin- 
drical purifier with an external filter, the water is introduced b}’ a 
regulating valve A, worked by a float B, according to the level of 
the water to be purified, which is poured into the distributing vessel C, 
and leaves it by another valve D, leading to the purifier Another 
regulating valve E takes some of it into the reagent saturator 

The automatic lime-water saturator F communicates with a 
receiver G, where the lime is slaked automatically. It has at its 
bottom an emptying valve I and an opening J for cleaning it. Thus 
prepared, the lime-water leaves by the channel H into the supply 
tube S of the purifier. 

A tap K, fixed to the distributing vessel G, leads a part of the 
water into the soda-reservoir L or into reservoirs of other reagents 
It then passes by the regulating valve M into a distributing vessel 
N for soda or other reagents. 
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The output of soda is regulated by an automatic valve O, or 
slopped by the arrangement P P, in which a float Q, the position of 
which depends upon the level of the water in C, regulates the ball- 
cock O. The reagents are then mixed in a receiver R whence they 
pass into the supply tube S of the purifier T, [)rovidccl with its 
shelves and emptying tap. 

After having deposited its sediment on the shelves, the water 
passes by the channel U into the compartment V, then underneath 
the filters by the openings W. The water is collected after filtration 
in a special reservoir X. A float Y i*egulates the starting and 
stopping of the action. The water leaves by the opening Z after 
having been purified and filtered. 



76.-* (Irullet’s cyluulnc.il puiilici (pl.in) 


Berenger and Stingl’s Apparatus. — d'his consists of a series of 
purifiers, generally three, that numljci being usually sufficient. 

The water to be purified, and also the reagents, jiass by two 
pipes governed by graduated taps into a metal receiver whore they 
are mixed together. The mixture of water and reagents then over- 
flows into an outer concentric cylinder which terminates below in a 
vertical ]3ipe. 

The water mixed with the reagents descends by this vertical 
pipe into an inverted metal cone supported by a tripod, and over- 
flows the cone into the cylindrical reservoir which contains it. 

The water deposits part of its precipitated matter, which falls 
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into the cylindro-cotiical lower part of the reservoir. The mud is 
expelled by means of a tap at the bottom. 

The oveiflow from one purifier passes into the next by a gutter 
communicating with the upper part of the first purifier and leading 
into a horizontal pipe. Leaving this horizontal pipe, the water 
descends the vertical pipe which comes after the horizontal pipe and 
passes into the second purifier, where it gets rid of its suspended 
matter which settles at the bottom. The water passes from the 
second into the third purifier in the same way. 

On leaving the third purifier the water is filtered by passing 



Fig 77 — Berenger and Stingl’s apparatus 


upwards through a layer of wood-fibre or other filtering material 
enclosed between two pieces of wire netting The purified and 
filtered water then flows into the feed-reservoir. 

H. Desrumaux's Automatic Purifier — In the Desrumaux purifier 
(fig. 78) the water enters by a pipe A, and passes into a distribut- 
ing vessel B, from which the water to be purified falls, in quantities 
regulated by the valve C, upon the water-wheel E, and thereby 
driving the stirrer of a saturator J. The water leaving the water- 
wheel, or hydraulic motor, passes by the channel F to the settler M. 

The various reagents are prepared in a reservoir G, and their 
outflow from it is regulated by the ebonite float I. On the left side 
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of the distributing vessel B is placed a valve D, which serves to 



Fig. 78 — Desrumaux’s automatic purifier. 


regulate the flow of water to be made into lime-water, and which 
passes by the funnel H into the saturator J, This saturator is 
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provided with an automatic lime-slaker R, and a discharging valve 
U at the bottom of it. 

A channel K brings the concentrated lime-water into the central 
column M of the settler, which can be cleaned by means of the free 
annular space LL. 

Helico-conoidal plates N form a continuous depositing surface, 



Fig. 79 — Desrumaux's purifier (interior view) 

which can be cleaned without taking the apparatus to pieces, simply 
by turning in a stream of water by the annular space LL. 

The helico-conoidal shape of these surfaces directs the mud to 
the lower part of the apparatus, into the collection OO, and thence, 
finally, into the mud-reservoir P, which is provided with a valve 
S for emptying it. 
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A filter QQ completes the apparatus, and the purified water 
leaves by the pipe T. 

We see then, in the Desrumaux purifier, two perfectly distinct 
kinds of operation carried on : (i) The precipitation of the salts dis- 
solved in the water by appropriate reagents prepared in special 
reservoirs, and (2) the separation of the precipitate formed and also 
of suspended matter, such as oxide of iron, sand, iron and organic 
debris of all kinds. 

The reagents soluble in water are distributed easily enough, 
in proportion to the volume of water to be purified, but the regu- 
larity of the distribution requires the use of a specially constructed 
apparatus. The regular distribution of the reagents is secured by 
taking the solutions by means of a regulating float of ebonite into 
which they enter by a hole pierced in the central tube of the regulator 

This central tube is connected by a side tube to a flexible dis- 
charge pipe, and is kept by the annular float at a constant distance 
from the surface of the liquid In this way a regular and constant 
flow of liquid is secured. 

By raising or lowering the central tube of the regulating float, 
the flow from the reagent reservoirs can be reduced or increased 
at pleasure. The regulating floats being made entirely of ebonite 
are not attacked by acid or alkaline reagents. 

As to the preparation of the concentrated lime-water, it presents 
rather more difficulty, for the lime is always mixed with foreign 
matter, so that different proportions of it ha\e to be used to get 
complete saturation. 

The preparation of this reagent is based upon the fact that 
water, in the presence of an excess of lime, dissolves about i] 
grammes of it to a litre 

Everything then, in obtaining a fixed weight of lime, depends 
on taking the corresponding volume of saturated lime-water. 

There is no necessity to prepare lime-water by stirring up lime 
and water by hand, for the Desrumaux apparatus is provided with 
a lime-water saturator, in which the water is saturated with lime by 
means of an automatic stirrer driven by a water-wheel set in motion 
by the water to be purified 

The lumps of lime are put into a semicylindrical vessel, where 
it is slaked with water The water used in preparing the reagent 
is brought by the central tube, which it leaves at the lower end. 

To charge the apparatus the lime is put into the stirring-chest 
by means of a rack and pinion valve which governs a central pipe 
whereby the bottom of the slaker communicates with the stirring- 
chest. 
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After saturation and clarification, the lime-water leaves the 
saturator at the top, mixes with the water to be purified which 
falls from the water-wheel, and mixes at the same time with the 
other solutions coming from the reagent-reservoir on the top of the 
settler. 

As soon as they come into contact with the water to be purified 
the reagents precipitate the salts dissolved in it, and the precipitates 
have to be collected, and the water rapidly clarified to finish the 
operation. This is done in a settler with helico-conoidal surfaces, 
and consisting of a large vertical cylindrical vessel, closed below 
with a conical bottom provided with a discharge valve. 



In its central part there is a cylinder open at both ends, round 
which are rolled several ranges of metal plates, which slope like the 
sides of a cone and are drawn out into a spiral. This is why then- 
surfaces are called helico-conoidal. 

By reason of this shape the plates cause a rapid descent of the 
solid particles, precipitated or in suspension, which are led into the 
sludge drum. The purified water passes finally through a filter 
consisting of wood-fibre lightly compressed between two perforated 
iron plates. 

Dervaux’s Cold Purifier. — This purifier is constructed to receive 
any two reagents intended for purifying water, but its constructor 
contemplates the use of soda and lime. 
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In consequence, the apparatus consists of a lime-water saturator, 
a distributor of soda-solution, a settling reservoir, and, finally, 
a filter. A distributing vessel A, divided into two compartments 
R and Q, contains the water and the crude lime 

The water to be purified arrives into the reservoir R by a pipe. 



Fig Si — Desrumaux’s purifier as installed on the stations of the Jaffa and Jerusalem 

Railway 


and is thence distributed by the openings V, M, P, and their cor- 
responding pipes, into the receivers S, N, D 

The openings V, M, P are regulated by gauges in accordance 
with the composition of the water to be purified, so as to pass 
larger or smaller quantities. The crude lime is in the reservoir 
Q, and has previously been slaked and freed from stones. When 
it is transformed into milk-of-lime, it can be used. It is run, once 
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a. day, into the receiver S, through the pipe O which goes to the 
bottom of S, by opening the tap G. 

This receiver S, or automatic conical lime-water saturator, is 
composed of a conical receiver, furnished at its base with a dis- 
charge valve for the exhausted lime 

The water to be purified, brought by the pipe K, whose opening 
V is regulated by a gauge according to the composition of the 
water, mixes with the milk-of-lime brought by the pipe O. 



Fig. 82 — Dervaux’s automatic purifier. 


Owing to the conical form of the saturator, and to its consequent 
progressive widening, the rate at which the liquid ascends diminishes 
in proportion as it rises, and causes the saturation and the clarifi- 
cation of the lime-water. The lime-water thus saturated is clear, 
an d passes by a pipe W into the chimney E, into which pass also 
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soda and the water to be purified. The automatic soda-distribut~ 
ing column N is formed of a cylindrical receiver or column, into, 
which the water is introduced by the pipe M regulated by its gauge.. 

A pipe Y, going to the base of the column, serves to direct, by 
an ascending movement, the solution of soda which is poured every 
day into the upper part of the cylindrical receiver, into the shaft E. 

The mixture of lime, soda, and water to be purified, in the 
proper proportions known from the analysis of the water, takes 
place in the shaft E. Thus the liquids descend into the settling 
reservoir D, where the mud settles to the bottom. 

The purified water descends by the chimney H into a filter F, 
provided with an automatic cleaning syphon, and consisting of a 
layer of gravel supported by a perforated iron plate The water 
passes down through the gravel into a reservoir G. 

Thus purified and clarified, the w a^er leaves the apparatus by 
the pipe T. If the deposit is so great that the water cannot get 
through the gravel, the water to be filtered rises from the reservoir 
F into the annular space of the pipe T and returns into the pipe L. 

The water of the reservoir C is then drawn up, and, passing 
through the gravel from below, drives^'the mud out of the grave! 
and out of the apparatus. 

Finally, in Dervaux’s purifying system the saturating cone S, 
the reagent-column N, and the automatic filter E, can easily be 
separated from one another 

Clarke Atkins and Porter’s Apparatus. — This apparatus is 
mostly used in England 

The reagent is prepared in a special lune reservoir, the water 
entering from below and saturating itself with lime A stirrer pro- 
motes the operation. The water saturated with lime rises, leaving 
behind it the excess of lime, and passes into another reservoir 
where it is stirred up with the water to be purified 

The purified water leaves this reservoir at the top, and passes 
into a filter press, composed of a senes of perforated cast-iron 
plates, betw^een which is the filtering medium, such as cotton 

The water, charged with reagent and precipitated matter, enters 
the filter by a pipe and traversing the filtering medium issues at 
the other end of the filter-press from a pipe which communicates 
with a channel traversing the plates of the filter 

The water leaves its solid matter in the filter and issues clear 
and pure The filtering medium has to be cleaned about every 
fifteen hours To effect this water is driven through the filter in* 
the opposite direction to that in which the water to be filtered comes^ 

Demailly’s Apparatus. — This apparatus may be used in purify- 
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ing water for industrial use but it is often used for purifying boiler- 
feed, and is then placed between the feed pump and the boiler. 

The apparatus consists essentially of two metal cylinders, A 
and B In the receiver A there is milk-of-lime. The water to be 
purified is brought by a pipe T, which is connected both with the 
principal pipe V and a small tube L. 

A portion of the water is taken up by this small tube which 
transfers it by a series of openings into the reagent cylinder A. 

The milk-of-lime is thus diluted ; the water saturates itself with 
lime and rising through a filter F, passes by the central tube, and 
finally falls on to a helical wheel E which brings it into contact 
with the main mass of water brought by the pipe V. 



Fig ^>3 — Clarke A-tkins and Fig S4 — Clarke \tkins and Poiter's purifier 

Porter's purifier (front \ie\\) (bide ele\atiun) 


A pipe R brings the liquid into the reservoir B, where the lime- 
water, reacting with the water to be purified thiows down the 
carbonates of the alkaline earths 

The water once purified traverses the filter F, and goes out by 
the central pipe into the pipe Z 

To prevent the filter in the reservoir getting choked by the 
deposit, a bush rubs against the filtering surfaces To eliminate 
sulphates, appropriate leagents must be introduced In this way 
the mixture of water to be purified and reagent circulates over 
the baffles, traversing the whole surface of each of them, and always 
in an opposite direction from one baffle to another 

By this arrangement the suspended and precipitated matters 
are readily deposited, and this is still further facilitated by putting 
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wood-fibre between each pair of baffles. The purified water flows 
from the bottom of the compartment C into the bottom of the 
compartment Cp and as it rises it passes through an asbestos 
partition to clarify it 

Finally, the purified water leaves by the side pipe S. A float 
n follows the rise and fall of the purified water, and at the same 
time regulates the taps c and which admit reagent and water to 
be purified. 

There is a discharge tap for clearing out mud. 

Purifier of the Maignen Filter Co, — This purifier consists 
essentially of a reagent preparing vessel M, having a pipe /at the 
base to lead the reagent into the storage reservoir N. 





Fig 85 — Demailly’s apparatus 

The flow of reagent into the reservoir N is stopped automatic- 
ally, according to the level of liquid in it, by the ball-cock e 

At the lower part of the reservoir N, a pipe /leads the reagent 
in quantities regulated by the tap into a channel G, and here it 
mixes with the water to be purified, coming by the pipe A in 
quantities governed by the tap a. The mixture of water to be 
purified and reagent leaves the end S of the channel G to fall into 
the compartment C of the reaction and clarification reservoir O, 
where the precipitated and suspended matters settle. A series of 
plates with lightly turned-up edges, and lowered at opposite ends 
in Z shape, are placed as baffles. 

Each of these baffles is notched near one end, to allow the water 
to pass from one to another, but two consecutive baffles have their 
notches at opposite ends. 

Buron’s Cold Purifieri — In this purifier the impure water arrives 
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by a pipe A into a vessel N which distributes it by two taps 3 and 4. 
Tap 4 allows water to run on to lime placed in a metal basket to 
keep back stones and insoluble particles 



Fig. 86 — Maignen filter (elevation) Fig 87.— Maignen filter (side view) 


The lime is taken by the water into the central tube of a 
saturator D where it is stirred energetically by a stirrer, with two 
blades revolving in it. This stirrer is driven by a water-wheel K , 
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moved by water from the tap 3 of the distributing reservoir N. 
Thus stirred, the milk-of-lime reaches the base of the satumtor by 
the central tube and rises in the intermediate space formed by the 
outer cylinder, and passes into the upper part by the pipe T. 



Fig. 88 — Maignen filter (exterior) 

In the compartment M of the distributing reservoir a solution* 
of soda is put every day, and is distributed from the small reservoir 
G by a tap into the pipe R. 

Hence the milk-of-lime and the soda arrive into T and K 
through their respective pipes, and into contact with the water to 
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be purified, which escapes at S into the upper part of 'a central’ 
column, whence it enters the mixer, where the reactions take place- 
and the salts are precipitated out of the water. 


f) 



Fig 8g. — Buron’b cold water purifier. 


The water descends to the lower part of the apparatus and then 
reascends in the space formed by the external cylinder, meeting 
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with baffles which retard the upward movement and so facilitate 
the settlement of the precipitates. Finally the purified water is 
clarified in a filter F and passes clear from that into a special 
reservoir which it leaves by the opening G. It will be noted that 
all flows of water or reagent are regulated by a principal float H 
which commands the various ball-cocks 

As to the deposits formed they are removed by the discharge 
valve L at the bottom of the apparatus. 

Henri Carpentier’s Cold Purifier. — This purifier is formed of a 
cylindrical reservoir A in which moves a float C, which follows the 
rise and fall of the purified water in the residue, and commands the 
inlet tap B of the unpurified water. This runs through the pipe D 
into the principal pipe distributing the water into the central reservoir 
L by the descending column D, and into two measuring vessels E 
The water flows from the measuring vessels into two reagent- 
cisterns F provided with stirrers The prepared reagents flow by 
the overflow pipes to the bottom of the central reservoir L. 

This reservoir, then, receives the reagents and the water to be 
treated, which mix together, and overflowing, pass into an exterior 
reservoir M surrounding the first, and, supported by a tube N, 
descend to a certain distance from the bottom of the reservoir A. 

Baffles O are disposed inside this tube N, in which the water 
under treatment circulates, depositing the precipitated bodies, which 
go to the bottom of the reservoir and are removed by the outlet 
cock /. The water rises again slowly and finishes its treatment 
by a filtration upwards through the filter bed R, and runs, purified 
and clarified, out at the pipe S By the arrangement of the tap 
float, the water only comes in when that contained in the reservoir 
has diminished to a determined quantity This allows the flow of 
the reagents to be properly regulated in proportion to that of the 
impure water, the measuring vessels E being filled at the same 
time as the central reservoir L by the descending pipe D 

Howatson’s Cold Purifier. — The reagent, lime-water, is prepared 
continuously in a special saturator K, shown on the left in the 
figure. This saturator K, of cylindrical form, contains another 
cylinder M, which contains in its upper part a perforated vessel in 
which is placed the lime used in preparing the reagent. 

An automatic tap A, governed by a float, allows the water to 
be purified to enter the compartment B, whence it is passed by a 
valve B, governed by a float, into a pipe opening at F, the size of 
which is regulated according to the flow required 

The water used to prepare the reagent passes beyond the point 
.F and leaves by the opening G, which is regulated according to the 



apparatus for the chemical purification of water. 22 r 


quantity of lime-water needed for the purification, and thence falls 
on the lime and carries it into the internal cylinder M. 



Fig. go — Carpentier’s cold water purifier. 

As for the water to be purified, it goes from the orifice on to 
a water-wheel which by means of an endless screw and a cog-wheeL 
drives a vertical shaft following the axis of the saturator EL 
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CThis shaft has blades the object of which is to suitably stir the 
mixture of water and lime. The solid particles fall to the bottom 
partjof the cylinder M and settle down there. The lime-water be- 
comes clear, and rises through the annular space between the two 



Fig. g i — How atson’s cold water purifier 


•cylinders M and K and passes through the upper part of the 
saturator K into a side pipe which brings it into the same T-shaped 
pipe as the water to be purified enters after leaving the orifice F 
and falling on the water-wheel H. 
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Thus mixed with the lime-water the water to be purified throws 
•down its dissolved salts and passes into the upper part of the big 
settling cylinder R. 

After having got rid of its salts in the settling cylinder R, the 
water traverses a thick layer of wood-fibre, where it leaves its solid 
matter in suspension and thus undergoes complete filtration. 

The purified and clarified water finds itself shut up in the upper 
part and leaves by a special pipe S. If the nature of the water 
requires the use of a second reagent, carbonate of soda for example, 
the preparation of that reagent is effected automatically in the 
•compartment C of the upper reservoir, and it would be poured as 
wanted into the T-shaped tube which provides for the mixing of 
the water to be purified with the lime-water. The flow of the water 
to be purified, and also that of the lime-water or carbonate of soda, 
is managed automatically by the taps D and E, regulated by floats 
according to the variations in the level of the liquid. 

Finally outlet valves provide for the removal of the mud de- 
posited in the saturator and in the settler. 

Froitzheim’s Purifier, for Mixed Treatment, — The Froitzheim 
purifier is specially constructed for the mixed treatment of water, 
not only with reagents, but also with steam 

A float S following the variations in the water level in a large 
reservoir I admits the water to be purified by the pipe W, whence 
it falls into a double-balanced bucket AI, which it moves by its 
weight. The rocking movement of the buckets is transmitted by 
two levers to a hoiizontal shaft, which controls an elevator H. 

This carries buckets wdiich bring up the solution of reagent, in 
this case carbonate of soda, and pour it in small quantities into a 
funnel /, from which it runs by a pipe into the large reservoir I 

The flow of soda from the buckets the motion of w^hich is 
regulated by the balanced double bucket at AI, is thus proportional 
to that of the water to be purified. 

To complete this chemical purification a heater pp based on the 
counter-current principle, receives exhaust steam from the pipe xA., 
in the direction shown by the arrow' 

On leaving the heater, the water falls into the large reservoir I 
which is divided by a diaphragm Z into tw^o compartments V and 
W, so as to reduce the speed of the flow and to facilitate the deposi- 
tion of the precipitates As to the solution of carbonate of soda, 
which pours through the funnel I into the reservoir I, it is mixed 
thoroughly with the water to be purified by means of a jet of 
steam regulated by a valve B. 

Finally, after having got round the diaphragm, the water is 



224 


INDUSTRIAL USES OF WATER. 


clarified by a filter composed of a series of frames filled with 
canvas, which can be removed separately for cleaning purposes. 
On leaving the filter, the purified and clarified water flows out by 
the pipe S. 

Complementary Notes on Some Apparatuses for 
Treating Water with Steam. 

In the second part of this work, in the chapter concerning 
boiler-feed water, we examined a certain number of apparatuses 



for the preliminary treatment of water by steam As some of 
these apparatuses could not be put in the chapter at the time of 
going to the press, we shall now study them in a complementary 
note 

Paul Barbier’s Heater and Purifier of Feed Water. — The feed- 
water purifier of Paul Bar bier is composed essentially of a series 
of shallow cast-iron cylinders, having movable perforated iron 
bottoms. They are piled one on another, and are provided with 
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filtering layers of some thickness, consisting of such substances — 
e g.^ coke, pumice, slag, smithy scale, etc. — as give the greatest 
facilities for contact with the steam, and for keeping back the pre- 
cipitates. 

The water enters the apparatus by an inlet valve C governed 



Fig 93 — Barbier’s heater and purifier 


by the float H according to the movement of the water in the 
apparatus by means of the vertical rod K 

On leaving the tap K, the impure water flows into the funnel P 
which distributes it as uniformly as possible by means of a special 
arrangement over the uppermost filter, from which it passes through 
the other filter beds into the lower chamber forming the water- 
reservoir. The exhaust steam from the engine comes by the outer 
tube A through a chest where it deposits its oil, and then passes 

15 
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over the water in the reservoir and rises through the filters accom- 
panied by the steam from J. 

The water is thus clarified and its precipitated matter is run 
off by a discharge valve in the lower part of the apparatus. 

The heated and clarified water is driven by a pump through 
the pipe B, which is in the middle of the water-reservoir. An 
overflow D prevents the depth of water in the latter from exceed- 
ing a fixed amount, and the apparatus can be cleaned by removing 
the plug M. The taking-down of the filter-rings is facilitated by 
three rods, O, with nuts, which keep them pressed together and 
permit of easy access to the plates and filter-beds for cleaning 
purposes. 

Henri Carpentier’s Heating Purifier. — The impure water reaches 
a large reservoir A by the principal pipe T 

From here it falls into a feeding chamber through pipe O, the 
lower opening of which is provided with a tap governed by a float 
which follows the fluctuations of the water m the chamber. 

The exhaustion from the engine is sent towards the feed- 
chamber, into a small chest R, in which it leaves any lubricating 
oil it may have brought with it. 

This oil flows slowly out by the pipe D, and is caught in a little 
reservoir F. Thus freed from its grease, the steam rises by a pipe 
H into another catcher B of large capacity, and formed of a 
vertical cylinder with a cone at each end. The upper cone has 
an opening at the point and communicates with the open air by 
a pipe passing through the water in the reservoir A 

The lower cone communicates at its tip with a pipe P going to 
the drains, and provided with a discharge valve The water to be 
purified is sent by a small centrifugal pump L to the lower part of 
the feed chamber, and then, driven into the column E, is poured like 
rain into the catcher B where it meets the steam coming from the 
pipe H. The salts in the water (carbonates of the alkaline earths) 
are decomposed and settle in the lower cone of the catcher B. 

The lower part of the cone of this catcher therefore fills with 
purified water, which passes by the pipe N into the feed chamber 
and thence to the engine by the pipe M. 

Dervaux’s Automatic Boiler and Purifier — Dervaux’s automatic 
boiler and purifier is intended to drive the water to be purified in a 
column into a long straight boiling tube, in the opposite direction 
to a current of steam. 

The apparatus consists of a vertical boiling tube B open to the 
air and receiving the impure water from a reservoir at a higher 
level by means of the valve S. 
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A column of water is formed, which in flowing down the 
narrow boiling tube B meets a current of steam coming from a 
pipe V in the opposite, the ascending, direction. 

The current of steam, passing through the water, decomposes 
the carbonates of the alkaline earths, and takes the carbonic acid 
to the surface of the water, where it escapes freely 

In the upper part of the boiling tube, the steam, coming into 



Fig 94. — Carpentier’s heater and purifier 

contact with the cold impure water which is constantly renewed, 
is condensed, and the precipitated carbonates are deposited. 

The hot purified water passes by the lower pipe C into a 
settling reservoir D, in which it slowly deepens, throwing down 
the precipitated carbonates. 

Finally, the purified water escapes by the overflow E into any 
suitable reservoir. A simple float F, regulating the admission valve 
S of the water, permits of the intensity of the ebullition and the 
output of purified water being regulated. To clean or inspect the 
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•boiling tube, the door P may be opened ; as for the deposits in 
the settler D they are withdrawn at intervals by the door M. 

Granddemange’s Heating Purifier. — Granddemange’s heating 
purifier, built by Mazeran and Sabron, is formed of a series of 
reservoirs or vessels of iron one on the top of another, and is the 
essential element of the purifier intended to receive the deposits of 
tartar. A series of rings b kept together by rods O and screws, 
form, when placed one above another, the outside of the apparatus 



Flo g6 — Granddemange’fc. heatei and puriher. 


The cold water to be purified enters the apparatus by the tap fy 
following the level of the purified water contained in the vessel c. 
The steam enters the apparatus and gets rid of any grease by 
means of a catcher g. 

On arriving at the first plate a, and spreading out in a layer, 
the water meets the steam, which heats it, and brings it to the 
temperature which decomposes the salts of the alkaline earths, 
which begin to settle in the upper decarbonating vessel. 

The water heated passes above the first vessel a, and traverses 
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the space enclosed between that vessel a and the section of an 
envelope and so on, up to the last vessel a. 

In its course the water meets the steam, and salts settle in the 
series of decarbonating vessels a Finally the water falls into the 
settling vessels the width of which causes a slackening of speed, 
so that the salts settle. 

The purified water, run off hot, leaves by the overflow K to 
pass into the reservoir whence it is taken for distribution. 

By the tube n the excess of steam escapes, and the deposits 
which are left in the settler d may be taken out by removing the 
cleaning plug e. 

Remarks — i. The different apparatuses for treating water which 
we have examined in this work are serviceable not only for steam 
boilers, but also in the various industries which need pure water 

2. By the treatment of water by steam the carbonates are 
precipitated. As regards the sulphates, they may be precipitated 
by adding soda or any appropriate reagent in the purifier. 



CHAPTER XXL 


INDUSTRIAL FILTERS. 

A FILTER is an apparatus in which liquids are passed through porous 
bodies capable of arresting and retaining all matter in suspension, 
thus clarifying the liquid. 

As filtering material, mineral, animal or vegetable substances 
may be used. Gravel, ground flint, coke and sand are the principal 
mineral substances U'^ed in industrial filters, and to these may be 
added pumice stone, porous calcareous stones and asbestos fibre or 
cloth 

As regards animal substances, use is made of felt, sponges, woollen 
cuttings or cloth and bone black Among vegetable substances, 
tow or oakum, sawdust and wood fibre, straw, charcoal and raw' 
cotton are especially emploved 

Industrial filters aie filled with one or several of these filtering 
materials and the water to be filtered traverses them cither upwards 
or d( iwnwards. 

David's Filter — Da\id's filter is essentially a cast-iron vessel 
with two taps, one at the top to admit the water and the other at 
the bottom to run it off when filtered The filter is closed with an 
iron cover, bolted on, and is filled with layers of various filtering 
materials each enclosed between perforated iron plates Commenc- 
ing at the top the first laj-er is a bed of sponge, then a layer of grit, 
next shreds of woollen cloth. After this a bed of bone black or 
charcoal powder and finally sand or fine gravel 

To clean the filter the direction of the current of water is simply 
reversed. 

H. Desrumaux’s Filter.— In this apparatus the water is intro- 
duced by a pipe which leads from the main upwards to a funnel at 
the top of the filter and in the centre. 

The w'ater falfe on a distributing plate which spreads it over a 
layer of flints spread over a metal plate supported by a hollow' iron 
pillar. In traversing the layer of flints it leaves behind all the 
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particles of suspended matter and runs off clear through the hollow 
iron pillar to be distributed according to requirements. 

The deposit of suspended matter of course accumulates in the 
layer of flints, and at the end of a certain time the filter must be 
cleaned out. In its passage through the flint layer the water finds 
an obstacle in the accumulated deposit. It therefore commences 
to fill the upper part of the filter and at last actuates a float which 
turns off the arrival tap automatically. 

To clean the filter the arrival tap is first turned off and the rest 
of the water is run off by a two way tap under the layef* of filtering 
matter. The current of water is then reversed and traverses the 
layer of flints from the bottom upwards While the water is forced 



through the flints a handle is turned which revolves a large disc 
with bars which stir up the flints in every direction This disc is 
mounted on the central hollow pillar. 

All the deposited solid matter is thus stirred up and kept in 
suspension and is drawn off at the top of the apparatus, thus leaving 
the filter clean and ready for use again.^ 

Dervaux’s Automatic Continuous Filter — In this filter the water 
IS led by a pipe A in the tube B to a closed chamber C and passes 
through a bed of gravel F on a perforated iron plate P 

Having filled the reservoir V the water rises in the pipe K into 

^ The French author describes this filter by the aid of a lettered diagram which does 
not appear in the work — Tr. 
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the reservoir R, and when it reaches the level N it runs by the escape 
D and out by the filtered-water tap P. 

If the accumulations of deposit become too great the cleansing 
process commences automatically. 

Not finding a passage through the filtering material the water 
mounts in the tube L communicating with the closed reservoir C. 
When it mounts to J it falls into a central tube S forming a 



FIm 9'' — Dcr\au\ s filter 

syphon, and when once the syphon action is set up the water runs 
with force, and first sucks up 'all the sediment into the evacuation 
tube S and next the filteied water from the reservoir R which is 
drawn through the filtering layer from the bottom to the top bring- 
ing with it the deposit which is run off by the tube S 

The upper part of the tube L forming a syphon with the tube 
S communicates with the reservoir R at this level M by a curved 
tube M. When the level of the water in the reservoir R falls to 
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M the syphon is thrown out of action and the filter, cleansed autCK 
matically, resumes its normal functions. 

Delhotel and Morides Filter This filter is a closed cylinder of 

cast iron two-thirds filled with quartzy sand. 

Curved pipes lead the water into the filter and cause a gyratory 
movement Thus the water stirs up the upper layer of sand, retard- 


A 



Fig 99 — Dervaux’s filter (section). 

ing the deposit of slime and matters m suspension and therefore the 
action of the filter lasts a longer time 

To cleanse the upper part of the filter it is merely necessary 
to turn on a tap at the bottom communicating with a central 
pipe. The water rushing violently down this central tube into a 
funnel carries with it the solid particles of deposit in the filtering 
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material and when the bottom tap is turned off the filter functions 
normally. To clean the lower layers of the filtering bed a tap is 
turned on which leads an inverse current under the sand ; the 
filter bed is thus stirred up and the deposited matter is brought into 
suspension and evacuated. 

This tap is then shut off and the filter is ready for action as 
before. A special run-off tap is turned on to run off the turbid 
water and when it runs clear the filtered water is run into a recep- 
tacle provided with a tap for the purpose. 

M. Moride in his work on soap-making recommends this filter 
for use in soap works. It is provided with a system of pipes and 



Fi. loo - Ht» \atson’s filter 


taps which ciliiAv It to be cleansed either with water fnjm the mam 
or filtered water 

Howatson's Filter. — The filter of Howat'-on is a metal cylinder 
C into w’hich the water is forced from the mam bv the tube A wath 
a tap 

The w'ater traverses a bed of crushed flints, of suitable size, 
resting on a grooved double bottom of cast iron which is perforated 
with a large number of holes of 4 mm m diameter. The total 
area of these is equal m dimension to that of the draw-off cock E. 

Passing through the filtering bed the water is freed from 
matters in suspension and is drawn off clear at E ready for use. 

The cleansing of the filter is done by shutting the tap and 
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Opening the tap Then the water rises into the upper part 

carrying the sediment with it down the pipes H, kept open for the 
purpose. The degagement of the deposit is facilitated by means 
of a stirring device F set in motion by a capstan F. 



This stiirer is a free screw on which are fixed arms bearing 
paddles. These are lowered for the cleansing operation and raised 
when the filter is in working order 

When the filter is clean the tap and the draw-off cocks H 
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and are shut The draw-off cock C is opened to evacuate the 
wash water and when this is shut the filter is ready for work again. 
It is merely to reopen the tap to run the water into the apparatus. 



Buron’s Industrial Filter. — This filter is a metal vat into which* 
the water is forced at the lower part C by the pipe A. The current 
has a minimum pressure of i metre. 
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The water traverses the compartments D containing the filter- 
ing materials which are packed in firmly and held down by a metal 
grating. After filtration the water is run off at an outlet E at the 
top of the reservoir Every two months, or thereabouts, the filter 
is cleaned. To do this the outlet E is closed and the water is forced 
upwards as far as possible. The tap from the mam A is then shut 
off and the draw-off cock F in the lower part is then opened. 

The water rushes through the filter bed and escapes with force 
at F carrying with it the impurities, the slope of the bottom of the 
iilter aiding the operation The taps are again set as before and 



Fig. 103. — Philippe’s filter 


the filter is ready for work again. To cleanse the filtering material 
thoroughly it is removed from the inner cases and washed in run- 
ning water. 

A. Philippe’s Mechanical Filter. — The mechanical filter of A 
Philippe differs completely from the preceding. It consists of a 
reservoir of metal A into which the water to be filtered is run by a 
pipe furnished with a tap. 

The water traverses a series of removable metal frames made of 
a peculiar metal trellis-work covered with pockets of filtering cloth 
•of cotton, woollen or asbestos, according to the nature of the liquid 
tto be filtered. 
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The upper part of the pockets D is open, and is furnished with 
a supple tag F by which the pouches and their metal frames E are 
fixed to the cover B, forming an exterior joint The cover B has 
openings by which the pockets D or filtering bags are introduced. 
The water traverses the filtering material and freed from its 
impurities rises in the pockets and flows into a movable cap G. 



Fig, 105 — Philippe’s filter (lateral 


Fig. 104. — Philippe’s filter (transverse section). section). 

Each of the bags is provided with one of these which is fixed on 
’while the filter is in action. 

The filtered water runs off through the tubes I in the caps G 
to a collecting funnel K from whence it is carried to its destination. 
The caps are held in place on the upper tags F of the pockets by 
the screws and nuts H. 
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To change the pockets it is merely necessary to shut off the 
arrival tap, slightly slacken the screws H and take off the caps G 
The pockets can then be drawn out and easily replaced. 

The impurities caught by the filtering tissue are only lightly 
adherent. They fall to the bqttom of the reservoir A, whence they 
are evacuated by the draw-off cock at the bottom. As' for the 
frames they can be easily cleansed by taking them and washing 
them in running water. 

The arrangement in the form of a gutter round the cover B 
prevents any mixture of the filtered with the non-filtered water ; 
in fact if the movable caps G are not fixed, accidentally or purposely, 
the non-filtered water cannot run off by the tubes I. It is diverted 
into the gutter round the cover and runs off on the outside. This 



Fig io6 — Muller’s filter. 


makes the operation of the filter a simple matter. A thin stream 
of liquid IS sufficient m working with this filter. 

Muller’s Filter. — The filter of Muller is a rectangular metal vat 
in which are suspended from the iron cover by a special arrangement 
a series of two, four, six or more quartettes of flat pockets of plush 
or of smooth tissue A movable cover, furnished with a counter- 
weight, is hermetically closed by means of a rim of indiarubber. 
This cover has grooves or gutters making a communication 
between the pockets and a flanged' pipe B which is a part of the 
movable cover and thus preventing the unfiltered liquid from 
mixing with the filtered. 

The water from the main is led into the filter by the tap A at 
the side and traversing the pipes rises in the interior of the pockets 
and runs off clear by the pipe B. The heavy sediment falls into 
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the lower part of the reservoir and is evacuated by the draw-off cock 
D To clean the pockets the current is reversed. The taps A and 
B are first shut, then, after emptying the filter by the draw-off cock 
D, the wash-water is forced in through the tap at B and the im- 
purities are washed off the pockets and, falling to the bottom, run 
off with the water at D 

The taps are then turned to their first positions and the filter is 
in working order again 

Filters with Sponges, — Sponges, which we have mentioned 



Fig 107 — Desrumaux’s sponge filter. 


among filtering materials, are used in a large number of industrial 
filters It IS easy to arrange the apparatus so that the sponge, or 
analogous material such as cotton or wadding, can be compressed 
and thus its filtering qualities can be improved. By allowing the 
sponge to expand the filter can be rapidly cleaned by forcing 
the water through it from the bottom upwards and running it off 
with the impurities. The sponge filter of H. Desrumaux is well 
arranged for this purpose. Ferret’s filter is a long trough of cast 
iron in which cotton is packed as the filtering agent. 

16 
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The cotton is in the form of cloth tightly held in the frames of 
perforated cast iron and resembles the leaves of a book. 

The water passes from one end to the other and is freed from 
its impurities by the cotton cloth or by sponge, if that be sub- 
stituted. The filtration is commenced by allowing the deposit to 
settle mechanically The water is then decanted into the apparatus 
and the filtration is completed by the physical effect of the porosity 
of the material. 

Filter Presses. — The principle of the filter-press depends upon 
the fact that the filtration is the more rapid the larger the filtering 
surface and the greater the pressure used 

Filter presses, although they are employed chiefly in distilleries, 
candle-works, sugar-works and breweries, are also used in purifying 
water and m separating out the precipitates in residuary waters. 

The water to be filtered is pumped into a series of vats the 



Fig, 108 — Ferret’s sponge filter. 


lateral sides of which have perforated plates covered with the filter- 
ing cloths. In this way the mass to be filtered is forced by the 
pressure through the filtering cloths and the liquid part is separated 
out 

As for the solid matter it remains in the vats and is emptied 
out in layers. The filter press of G. Cai;nbray has frames and 
grooved plates which obviate the employment of perforated sheets. 

These plates have no outlet and the filtering cloth is placed over 
them saddle fashion. 

In order to make the work easier the plates and frames have 
handles. The squeezing action is obtained by means of a central 
screw worked by a system of cog-wheels. Taps are arranged at the 
front end and at the back of the press to allow the air to escape. 

G. Leclaire’s filter press made by the Soci^td des Etablissements 
Metallurgiques d’Onnaing has a series of plates kept in position 


INDUSTRIAL FILTERS. 243 

during work by rigid parallel bars. The plates are driven in a 
carriage way by means of a screw 



Fig. iio.-~Cambray’s filter press. 

The easy run on the carriage way allows one man to work the 
machine, and by the system of squeezing a very energetic pressure 
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is assured. The filtered liquids run off by a series of taps com- 
municating with the various plates and are collected in a reservoir. 

This filter can be fitted with an arrangement by which the 
filtration is effected by means of compressed air ; in this case an 
air-pump is used. 

The liquid to be filtered flows into the air-pump and is driven 
back into the filter press by the pressure of air. We give here an 
illustration of an installation comprising one of Leclaire’s membrane 
air-pumps and regulator connected with a filter press like the last 



Fig 1 12 — Plant for Leclaire’s filtering system or membrane pump and regulator 


described By means of the regulator the pressure can be exactly 
determined and a constant force assured 

When the pressure is at its maximum in the filter press the 
membrane of the pump becomes immobile , the plunger continues 
its alternative movement and forces the water to pass from the body 
of the pump to the regulator 

At each stroke of the piston the pump is automatically filled. 

Solden’s Special Filter for Greasy Waters* — This apparatus is 
used in America for filtering greasy waters from steam engines ; 
its utilisation in the navy has been described by *M. Ortolan. 

The filter is a series of eleven compartments. The first of these 
is filled with lime which enters into combination with the oleic acid 
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in the greasy water, and the oleate of lime thus formed rises to the 
surface and is skimmed off. 

The second compartment contains coke held in position between 
two sheets of copper. In the third and fourth compartments are 
frames covered with felt. The fifth contains coke, the sixth, seventh 
and eighth frames of felt and the ninth coke. The tenth compart- 
ment is reserved for the purified water. 



CHAPTER XXII. 


INDUSTRI.^L STERILISATION OF WATER. 

In the manufacture of various beverages, mineral waters, for instance, 
and of ices, it is necessary to sterilise the water. 

Two methods of sterilisation may be employed • — 

1. Physical action. 

2. Chemical action. 

I. Sterilisation by Physical Action. 

By Filtration. — W’e need not describe here the very numerous 
filtering appliances which are constructed on the principle of re- 
taining the micro-organisms by means of porous bodies. We will 
merely insist on the necessity of keeping these filters absolutely 
clean The filter must be cleansed as often as necessary, otherwise 
the micro-organisms will accumulate in the pores of the filtering 
matter and it will become a veritable colony of microbes. 

By Heat. — Numerous e.xpenments have proved that a sufficiently 
high temperature is destructive to microbes We will instance the 
experiments of Miquel and Wada in proof of this 

Experimenting with the water of the Ourcq, which contains 
460,800 microbes to the cubic centimetre, Wada obtained the 
following results, showing the bactericidal power of heat 


Temperature 
of the water 

Duration 

Microbes 

Degrccis C 

m minuteb 

per c c 

14 

10 

460 Soo 

50 

10 

600 

60 

10 

60 

7 ^ 

10 

88 8 

80 

10 

62 4 

90 

10 

26 4 

100 

10 

0*5 

100 

20 

0*0 


It is sufficient therefore to raise the temperature of the water to 
100° C. for ten minutes to kill almost all the germs it contains. 

But Pasteur proved the remarkable fact that whereas water 
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raised to ioo° C. loses nearly all its germs, if the temperature is 
raised from no to 120° C no organism remains. It is evident 
therefore to ensure complete destruction of the germs the water 
must reach a temperature of about 1 1 C. 

A number of apparatuses have been invented to sterilise water 
by heat We will cite to begin with the perfected apparatus of M 
Jules le Blanc, a Pans engineer, the inventor of the well-known 
steam-disinfecting apparatus. The steriliser of M. Blanc has proved 



Fig. 113. — Vaillard and Desmaroux’s steriliser 


in experiments made before several Commissions on Hygienics that 
the perfect sterilisation of water can be obtained under particularly 
advantageous circumstances 

In the steriliser of Vaillard and Desmaroux the water to begin 
with is clarified in a filter D, then passes to a pressure regulator K, 
then to a temperature regulator F which stops the circulation of 
water in the apparatus when the necessary temperature is not 
reached. 

The water leaving the regulator F enters a special vessel A 
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•called an interchanging recuperator, and from there it flows into a 
second interchanging recuperator B, like the first. From here it is 
conducted by the pipe T which is in connection with a coil of 
tubing inside the boiler C composed of eight rings superposed and 
interchangeable. 

The water circulates in the boiler C at a high temperature the 
•necessary time to sterilise it completely, then rises to the top of the 
apparatus and runs down the tube, following the arrow in the figure, 
into the recuperator B and from thence into A, thus reversing the 
first order. Finally the water leaves A completely sterilised. 

It will be noted that in its first passage the cold water receives 



Fig 1 14 — Houdard, Egrot and Grange’s new pasteuriser 

in the recuperators A and B the heat of the sterilised water leaving 
the boiler C Thus it enters the boiler at a temperature of about 
100° C. and the boiler need only raise this a little to obtain com- 
plete sterilisation. Thus robbed of its heat by the entering cold water 
the sterilised water leaves the apparatus at the normal temperature. 

Houdard, Egrot and Grange’s steriliser or pasteuriser, much used 
for wine and the juice of grapes, can be used for any liquid and is 
very suitable for water. It is composed essentially of two parts : — 

1. A system of tubes forming the recuperator and heater. 

2. The accessories, that is to say, a motor, pumps, warm water 
reservoir and regulator. 
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The liquid to be sterilised is rapidly forced by the pump at a 
certain pressure into the lower part of the system of tubes, and in 
rising into the upper part is heated by contact with the hot liquid 
already sterilised and circulating in the opposite direction. 

By a special arrangement of the tubes this exchange of tem- 
peratures is easily effected The tubular recuperator is formed of 
pairs of straight tubes ; each of these contains a removable series 
of smaller tubes ending in a box which puts them into communica- 



Fig. 1 15 — Houdard’s stenliber on wheels 


tion. In this way two circulations are set up, one outside the 
smaller tubes and the other within. 

After leaving the system of tubes the liquid rises into the 
heater composed of tubes arranged like the others. These com- 
plete the sterilisation at the necessary temperature which is ob- 
tained from a hot-water boiler below. This boiler is heated by 
steam from the boiler of the motor which works the pumps 

The hot water is led to the upper part of the reservoir by a 
special pump and forced at a certain pressure into the heater, to 
return again to the lower hot-water boiler by the intermediary of a 
vat mounted on the upper part 


INDUSTRIAL STERILISATION OF WATER. 25 1 

Regulators control the delivery of the liquid and the amount of 
heat necessary. 

The Houdard, Egrot and Grange steriliser, when sheltered from 
the air, allows a sterilising temperature of from 115° to 130° C. to- 
be attained. 

One type of pasteuriser is mounted on wheels for easy trans- 
port This type is especially employed for sterilising casks and 
heating wines. 


2 . Sterilisation by Chemical Action. 

The processes of chemical sterilisation depend upon the action 
of agents capable of an energetic oxidising action. 

Chloride of lime, iodine, bromine, permanganate of potash, per- 
manganate of lime, peroxide of chlorine, and ozone have been 
suggested for the sterilisation of water. 

By Permanganate of Potash. — Permanganate of potash is rich 
in oxygen as shown by its formula, KMn04 It possesses the 
power of oxidising organic bodies. 

This enables it to act as a steriliser by destroying the micro- 
organisms. In using permanganate of potash it is simply added 
little b}^ little to the water until the pink tint produced no longer 
disappears 

One of the draw backs of Ubing permanganate of potash is that 
the hydrate of potash remain^ in the water after treatment 

By Permanganate of Lime. — Ch Girard and Bordas suggested 
the use of calcium permanganate This agent m the presence of 
organic matter in the water is decomposed into oxygen, oxide of 
mangane't.e and lime. 

The permanganic acid set at liberty oxidises the organic matter 
and is reduced to oxide of manganese As for the carbonic acid 
arising from the oxidation of the organic matter it combines w'lth 
the lime and forms chalk It is necessary to get rid of the excess 
of permanganate of lime , this is done by transforming it into bin- 
oxide of manganese by the aid of a lower oxide of manganese. 
The binoxide of manganese thus formed may be reduced in its 
turn by the organic matter in the w^ater, passing into the lower 
oxide which may be used again to reduce the excess of perman- 
ganate which again becomes binoxide. 

A little charcoal may be added to the lower oxides used in order 
to facilitate agglomeration. 

It has been shown that permanganate of lime in a neutral or 
slightly acid solution sets up a physical action. It has the tendency 



252 


INDUSTRIAL USES OF WATER 


to form a sort of lake with the organic matter and thus this is 
deposited and destroyed together with the micro-organisms of the 
water. 

By Peroxide of Chlorine. — Water may also be sterilised with 
peroxide of chlorine, a process invented by H and A. Berge, The 
peroxide may be used either as a gas or in solution. 

To prepare peroxide of chlorine chlorate of potash is acted upon 
at about 15° C. by sulphuric acid of 1711 S. G. 

Peroxide of chlorine, perchlorate of potash and water are thus 
obtained : — 

3KCIO3 + 2H2S04= KCIO4 + 2KHSO4 + 2CIO2 + H2O. 

This reaction is complex and the peroxide of chlorine is formed 
by the decomposition of the chloric anhydride, which comes from 
the chlorate of potash : — 

Cl 205 = 2C102 + 0. 

It will be seen that in this reaction free oxygen is also obtained. 

In sterilising water the peroxide of chlorine acts on the organic 
matter as an energetic oxidant without introducing basic salts into 
the water By the first reaction it will be seen that a gramme of 
chlorate of potash gives *367 of a gramme of peroxide of chlorine 

For ordinary water an average of from i to 2 grammes of 
peroxide of chlorine is needed, that is to say i to 2 milligrammes 
per litre. According with the theoretical formula therefore a quan- 
tity of chlorine varying from *0035 to *0070 per litre is added to the 
water. This is from 20 to 40 times less than water which passes as 
only slightly chlorinated. 

In practice the peroxide of chlorine is added to the water in 
slight excess in order to ensure the complete destruction of all 
germs. As a test a solution of iodide containing starch is used. 
When the addition of this to the water produces quickly a blue 
coloration sufficient peroxide of chlorine is present. 

By Ozone. — Ozone as a sterilising agent has been experimented 
upon for the past few years by Drs. Roux, Calmette and Van 
Ermengen and by Houzeau and de Luynes 

By the reports of thesel experiments, published in the Annales 
de tlnstitut Pasteur, it is evident that ozone must be looked on as 
a powerful germ destroyer. The ozone not only destroys completely 
all microbes and organic matter, but also improves the water very 
•considerably by its energetic aeration which does not rob it -of any 
of its useful mineral constituents. 

By ozonisation the water acquires keeping qualities which pre- 
serve it from ulterior pollution. We may add that even waters 
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polluted by decaying matters from middens or water-closets have 
been rendered wholesome by a treatment with ozone. 

The industrial treatment of waters by ozone has been prac- 
tised : — 

In France by G. S^guy, Otto, Eck, Abraham, Marnier, de 
Saint-Martin, Andreoli, and Patin. 

In Holland by Baron Tindal, Schneller and Van der Sleen. 
In Germany by Ohlmuller, Siemens and Halske. 

In 1 89s Tindal exhibited an apparatus for sterilising water by 
ozone at the Health Exhibition in the Champ de Mars at Paris. 
The Municipal Council of Paris voted £ 5,000 for the installation of 
a plant at Saint Maur to deal experimentally with the water of the 
Seine by ozone and capable of treating 500 cubic metres of water 
in twenty-four hours at a maximum expense of 2 ^ centimes per 
cubic metre of sterilised water 

Recently experiments have been made in Germany on the 
ozonisation of the waters of the Spree at Berlin and the results 
obtained have been most conclusive. 

The sterilisation of the water is done either by direct ozonisation 
or by filtration followed by treatment with ozone. 

The laws which regulate the production of ozone according to 
a communication of Gaston S^uy to the Academy of Science in 
1885 presented by M Schutzeiiberger may thus be stated — 

The quantity of ozone produced is — 

1 In direct ratio with the teiibion of the current used 

2 In direct ratio with the number of producing surfaces 

3 In inverse ratio with the thickness of the di-electnc bod}" 
interposed between the two poles and with its conducts ity 

4 In ratio with the number of passages under the influence of 
the current, it being given that three 11^ the maximum number to 
effect supersaturation. 

]M G Seguy must be credited as the inventor of the first appa- 
ratus for the industrial production of ozone and also as the first 
experimenter on this method of sterilising w-ater. 

The generator of M. Seguy, known as the ozone supersaturator, 
allows large quantities of ozone to be produced and supersaturated 
owing to a device which makes the oxygen pass several times 
under the influence of the electric current in the course of its 
transformation into ozone. 

Seguy’s apparatus is composed of a d3mamo J producing a 
continuous current which is transmitted to the transformers E. 
The alternations are regulated by a vibrator F. 

The high potential current is led to the ozonising tubes by the 
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rings B and B®. The air to be ozonised enters at M and the ozone 
produced comes off at A. The ozone generator works with a trans- 
former of very high potential and produces 154 milligrammes of 
ozone per minute. 

The oxygen, transformed into ozone, runs in bubbles on a 
sort of sieve of aluminium which distributes it in the water to be 
sterilised A gasometer is provided to collect the ozone when it 



Fig. 1 16 — Seg^uy’s ozone generator 

lias done its work. It is then in the form of oxygen which may 
be retransformed into ozone by the electric current. 

In a note to the Academy of Science and a communication 
to the French Society of Civil Engineers, M. Otto describes the 
phenomena of phosphorescence which are produced when the 
microbes and organic matter are destroyed by ozone. 

He shows that : — 

1. In certain conditions there is a vivid luminosity when the 
»ozone comes in contact with the water, 

2. This luminosity is proof of the destruction of the, germs as 
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it is not produced in pure water. The apparatus for the sterilisa- 
tion of water on a large scale described by M. Otto is characterised 
by the employment of emulsifiers serving to produce a perfect 
contact of the ozone with the water by forming a perfect emulsion 
of the sterilising body with the water to be sterilised. 

This emulsifier is formed of two cones running side by side 
with the apex of the one against the base of the other. 

The ozonised air is led by a pipe to one of the cones and the 
water to the other It is delivered in a thin stream and is thus 
quickly acted upon by the ozone. On leaving the emulsifier the 
action of the ozone is completed by contact with the water in a 
special form of steriliser. 

These sterilisers are formed of a number of flat surfaces of 
large area, the number of these varying as a rule from 20 to 50, 
according to requirements. The water already ozonised is spread 
in a thin sheet on the highest plate of the apparatus. The plates 
have outlets surrounded by rims which keep a layer of water con- 
stantly on the plate 

On leaving the emulsifier the ozone escapes at the upper part 
and enters at the bottom of the steriliser, traversing the first plate 
by the outlet just described, then the second plate in the same 
manner, and so on to the last. The outlets in the plates are so 
arranged that the water in passing from one to the other takes a 
zigzag course from the top to the bottom, meeting the ozone, the 
current of which is flowing from the bottom to the top, where it 
escapes by an outlet pipe. 

The sterilised water runs into a reservoir below, from whence it 
IS drawn by a system of pipes 

The Compagnie de I’Ozone at Paris have a senes of apparatus 
specially constructed for the preparation of table w aters and steril- 
ised ice In sterilising table waters the empty bottles are brought 
by endless carriers into position in the filling and stoppering appar- 
atus against a bar of bronze 

The water is saturated wuth ozone in a special form of mixer, 
which consists of three glass cones running in the same bearing. 
This works exactly in the same way as the emulsifier which we 
have just described The water is forced into the bottle, charged 
with a large quantity of ozone, and thus not only the water is 
sterilised but also the bottle. 

When filled the bottles are led away by an endless cloth. 

In the preparation of sterilised ice, the apparatus used works in 
a similar manner, but it is arranged so that the stoppering of the 
bottles is done automatically. 
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In 1898 experiments were undertaken by Marmier and Abra- 
ham at the forcing station for the water of the Emmerin at Lille, 
with a view to sterilise it with ozone. 

The installation consisted of three plants . — 

1. For the production of the electric current 

2. For the production of the ozone. 

3. For the sterilisation of the water. 

The electric current produced passes into a transformer of high 
potential, capable of giving 40,000 volts and more. 

The ozone is produced by two apparatuses — by an ozoniser and 
a deflagrator. A series of sparks play between the branches of the 
deflagrator, assuring a regular potential between the poles of the 
ozoniser. 

As for the ozoniser, it consists of a metallic electrode, a sheet 
of glass, a space, a sheet of glass, an electrode, a sheet of glass, a 
space, and so on. The first electrode is in communication with 
one pole of the transformer, and the second with the other pole, 
and so on, and the electric current flows in the spaces between 
the glasses 

Leaving the ozoniser, the ozone passes on to a large column in 
stonework, in which the water to be sterilised circulates. This 
after treatment collects at the base of this column 

The patents of Abraham and Marmier are worked by the Societe 
Industrielle de TOzone. Trials made with the apparatus for the 
production of ozone of Eck and Patin show that more than five 
cubic metres of Seine water can be sterilised for each horse-hour 
employed. Andreoli has made an aluminium ozoniser, producing 
TOO grammes of ozone or thereabouts per horse-hour with a slight 
rise of temperature. The great germ-destructive power of ozone 
should make application of this gas as a steriliser one of the most 
important questions of the day 
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RESIDUARY WATERS AND THEIR PURIFICATION. 

Residuary waters vary in composition not only according to the 
class of industry producing them, but also according to the particu- 
lar methods and processes used in the works and the quantity of 
water employed. Some works can extract useful matter from the 
residuary waters economically and profitably. ' 

The treatment of course varies with the circumstances, but the 
purification methods adopted may be broadly classified as (ij 
Purification by the soil ; (2) Chemical purification, and these are 
sometimes combined 

In studying soil filtration, which has given such satisfactory 
results in the treatment of sewer water, we are face to face with the 
great question of the sanitation of towns The soil does not always 
lend itself to the necessities of the case, and the residuary waters 
must often be treated by chemical or electro-chemical processes 
After having passed in review the processes in general use as 
for instance in sugar-works, distilleries, starch-works, paper- and 
board-mills, tan-yards, etc, we will point out the method of recover- 
ing certain residues in dye-works and from the waters used in soap- 
making We will then consider the treatment of soapy waters, 
which are the principal residuary liquors in a large number of 
industries, as for instance in woollen factories The treatment of 
these is generally very profitable. 

The treatment of these soapy waters must be considered under 
two circumstances, at the works themselves or at a central collect- 
ing station like that of Grimonpont, which deals with the waters of 
the Espierre, the great drain of the north of France. 

The purification of the water of the Espierre, an acute Franco- 
Belgian question, has been the object of numerous experiments 
for many years past, and it will be useful to consider these as they 
throw a light on other problems of the purification of residuary waters. 

Finally, we will finish the third part of this work by describing 
how certain profitable substances are extracted from soapy effluents. 
17 (257) 
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Purification by the soil or by irrigation cannot always be 
employed. Certain waters, such as those of the Espierre, are freed 
with difficulty from the foreign matter which they contain, and soii 
filtration is extremely troublesome. 

The nature of the soil is an important factor, and is often an 
obstacle in this method of purification, as for instance in the East, 
in the districts around Roubaix and Tourcoing. The divers in- 
ternational and inter-communal commissions which have sat to 
consider the question of the Espierre, have pronounced categoric- 
ally against soil filtration. 

On the other hand, irrigation is one of the best means of treating 
sewer waters, as for instance the effluent which is diverted over the 
plain of Gennevilliers. 

In the period between 1887 and 1895, taking an average of 
analyses, the results obtained have been as follows • — 



Oxidibihty 

Organic 

Nitrogen 

Ammoniacal 

Nitrogen 

Nitrites 

Chlorine 

Drained from Clichy 

391 

54 

187 

4 I 

61 

„ St Ouen 

566 

63 

255 

36 

92 

„ Gresillons 

1*3 



21 3 

72 

„ D’fipinay 

13 

— 

— 

22 6 

m 


On an average, during the year 1895, these dram waters showed 
the following number of microbes per cubic centimetre . — 


Clichy 
St Ouen 
Gr^sillons 
D^Epmay 


13.250.000 

16.870.000 
880 

8,380 


In the peninsula of Gennevilliers the diverted waters do not 
exceed 40,000 cubic metres to the hectare, and have the following 
composition per cubic metre : — 


Grammes- 

45 

18 


Phosphoric acid 

Nitrogen 

Potash 
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According to M. Duclaux, i cubic metre of sewer water con- 
tains the same quantity of fertilising principles as 10 kilogrammes 
of farm manure. The sewer water spread over the plain of Genne- 
villiers therefore may be estimated as equal to 400,000 kilogrammes 
of manure, which is twenty times more than is necessary, as the 
highest culture does not exact more than 20,000 to 25,000 kilo- 
grammes. A large part of the population of Paris is supplied from 
the agricultural products obtained. The vegetables are most excel- 
lent in spite of the prejudices of the public when they know that they 
come from Gennevilliers. 

The matters in the sewer water are transformed under the 
influence of microbes into substances which form a part of the 
natural food of plants, and the prejudice is a mistaken one, as the 
agricultural products are not impregnated with the primitive sub- 
stances. 

The results obtained have been so satisfactory at Gennevilliers, 
that a considerable enterprise has been earned out in diverting the 
sewer waters of Paris on to the plain of Acheres. 

The plain of Gennevilliers, formerly uncultivated land, has 
become extremely fertile, for, in treatment by the soil, the water 
filters through the permeable strata, leaving behind it the matter 
that was in suspension, the organic matters are then submitted to 
the influence of oxygen and of the ferments which assist in their 
nitrification. 

Nitrates are thus produced assimilisable by the plant, and the 
water is purified by the abandonment of its fertilising principles to 
the profit of agriculture Sewer w^ater contains these principles in 
large proportion The soil is also employed for filtering purposes 
by w^orks in country places near cultivated fields Starch works 
and distilleries, for instance, treat their effiuents in this w^a}-. 

Two considerations are involved in the method of purification 
by irrigation, filtration and oxidation Both these phenomena 
must be considered m examining this method 

As the filtration depends upon the permeability of the soil, this 
must be sufficiently permeable to permit a rapid filtration, and the 
degree of purification of the w^ater also depends largely upon this 
permeability. In its passage through the soil, the water is freed 
from the various organic and mineral matters which it holds in 
solution or in suspension, and also abandons part of the organic 
germs which it contains. 

This filtration is best effected in soils which have a uniform 
permeability, and which consist of sand or gravel, or a mixture of 
these with a little clay. The oxidation should proceed rapidly, the 
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organic matters being oxidised under the influence of nitrous and 
nitric ferments. 

The water to be purified should be as much as possible in 
contact with the oxygen of the air. This is why the irrigation 
method requires a large surface area. 

A good permeable ground will purify an average of from 6o to 
100 cubic metres of water per hectare in twenty -four hours. 

Some manufacturers have a certain practice which should be 
absolutely condemned. We have seen some distilleries deal with 
their effluent from the filter presses by draining it into an uncovered 
pit, from which the liquid was diverted into the stream. The filtration 
was done in a deplorable way under the worst possible conditions 
for health. 

These decanting pits rapidly fill with stagnant matter and be- 
come cesspools. The putrid fermentations set up make them a 
source of infection, dangerous to the public health, and moreover 
the liquid is run off into the stream in a state of active fermentation 

If soil filtration properly employed frees the water from the 
soluble organic substances in it, and destroys the living organisms, 
it cannot be applied, it will be seen, in all districts or to the residuary 
waters of all industries. 

To meet this difficulty the effluent is often submitted to a mixed 
treatment A chemical purification is first resorted to and the 
irrigation process then finishes the purification. Residuary waters 
are also treated by chemical processes alone, and we will proceed 
to describe these. 
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PURIFICATION BY CHEMICAL PROCESSES. 

Rivers and streams being protected by statutes, by-laws and regu- 
lations, manufacturers cannot run their effluent into them without 
first bringing it into the desired condition. 

Works carrying on dangerous or insalubrious manufactures 
are especially bound by rigorous regulations in the matter of their 
effluent. Sometimes, as in the case of the Espierre district, the 
neighbouring work.s run their water directly into a collector. Thence 
there are two methods of purification, the one consisting of the 
treatment of the water at the factory itself, in order to run it off 
clean and wholesome, and the other m treating the effluents of 
manv works at a common collecting ba»in. 

These tw'O methods are both in operation in the Espierre district, 
as some of the manufacturers find it to their advantage to treat the 
waters at their own works, in order to recover the useful substances 
they contain 

Woollen-works in particular can purifj' their effluents very 
profitably, extracting from them potash and suint, in a proportion 
that much more than covers the cost of treatment. Waters con- 
taining fats free or m combination are subjected to reco\ery pro- 
cesses, which of course are only profitable if the cost of treatment 
IS less than the value of the recovered substances 

If the matters extracted from residuary waters do not pay the 
cost of treatment, manufacturers are content to purify the effluent 
by ridding it of these substances or by transforming them into 
harmless matters before running off the effluent into the stream. 

I. PURIFICATIO.V OF RESIDUARY WATERS FROM DiVERS 

Sources. 

Schloesing’s Process. — Three essential principles are found m 
midden waters : phosphoric acid, potash and nitrogen in combina- 
tion. The phosphoric acid is almost entirely contained in the solid 
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matter ; the nitrogen is in the ammonia and this in particular must 
be extracted from the midden waters. 

By Schloesing’s process this ammonia is precipitated in the 
form of a phosphate of ammonia and magnesia which is very useful 
as a fertiliser. Instead of obtaining this substance by using phos- 
phates or magnesia salts, which are expensive products, phosphoric 
acid and magnesia, free or combined, are used. 

By adding phosphoric acid to sludge containing magnesia a 
precipitate of tri-basic phosphate is at once obtained which after 
settling can be easily filtered through cloth and precipitates ammonia 
in the state of phosphate of ammonia and magnesia This reaction 
is produced by the exchange between one molecule of magnesia of 
the tri-basic phosphate and one molecule of ammonia which is 
present in different states in the midden water. 

Sea water contains salts of magnesium in large proportion, and 
a product can be prepared from it capable of precipitating the 
ammonia from the waters containing it. 

The sea water is simply treated with lime and the precipitate 
is allowed to settle for twenty-four hours. After decanting off the 
clear supernatant liquid, the sludge thus obtained is mixed with 
a solution of phosphoric acid, and a precipitate falls down which 
is collected and is ready for use in the treatment of residuary 
waters. 

Process used at Coventry. — On leaving the collector the water 
to be purified passes into a kind of wheel with gratings to facilitate 
the separation of the solid matter. 

The matters retained in the wheel are thrown out into a basket 
to dram and then carried off by an archimedean screw which 
conducts them to a filter press, and after pressing the solid sludge 
is used as manure The water on leaving the wheel is stirred up 
mechanically with solutions of alumina and iron and finally with 
milk-of-lime Filtration finishes the treatment, and the waters are 
then run off into the river. 

Lechatelier Process. — The use of salts of iron and of aluminium 
has been suggested by M. Lechatelier, who employs Picardy pyrites, 
containing salts of aluminium and non, or bauxite, which he treats 
with sulphuric acid. 

When sewer water is treated in this way, soaps of alumina 
and of sulphide of iron formed by the sulphuretted hydrogen are 
obtained. The iron thus acts as a disinfectant This action of 
the iron ensures oxidation and the regeneration of the reagent. 
Numerous trials have been made by Lechatelier on sewer waters 
and residuary waters from divers works, in particular the effluent 
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of sugar-works, which has given good results on purifying with 
perchloride of iron combined with lime or dolomite. 

The albuminoid matters and the phosphoric acid are precipi- 
tated by the perchloride of iron acting as an oxidiser. 

As regards the use of sulphate of alumina proposed by M. 
Lechatelier, the experiments of Durand-Claye, made on the sewer 
water from Clichy, have given good results, using 200 grammes of 
sulphate of alumina per cubic metre of water. 

The result of these experiments was that the water running 
off after treatment was absolutely limpid and colourless, so that 
a printed page could be read under a layer of it 10 centimetres 
thick. Fishes were able to live and thrive in the water thus 
purified. The sludge which remained after treatment was odour- 
less and dried easily when spread over the soil 

Putting the price of the reagent at ii francs the 100 kilo- 
grammes, this treatment would cost about 2 centimes per cubic metre. 

A. and P. Buisine’s Process. — In this process use is made of 
ferric sulphate, obtained economically by roasting pyrites. 

When ferric sulphate is introduced into sewer water the alkaline 
salts and the salts of the alkaline earths which are always in the 
water decompose the iron salt and ferric oxide falls down as a 
precipitate. The precipitate of ferric oxide carries down with it 
the matters in suspension, and they form compounds with the 
albuminoid and greasy matters. The colouring matters form lake^ 
and the sulphuretted hydrogen is fixed by the iron. 

Most of the micro-organisms are eliminated by the precipitation 
of the hydrate of the ferric oxide, enveloped in some way by the 
lakes formed with the organic substances. 

Trials made on the Paris sewer waters gave the following 
results The water, after a preliminary decantation, gave i 053 kilo, 
of dry matter containing i 08 per cent, of mtiogen per cubic metre 
It was then treated with ferric sulphate, in the proportion of 100 
grammes per cubic metre. 

After the addition of the ferric sulphate a precipitate was 
obtained which on drying weighed 318 grammes and contained 
2 18 per cent, of nitrogen The organic matters in solution were 
sensibly diminished by this treatment, and water which contained 
’600 gramme of organic matter in solution before purification con- 
tained no more than 065 after treatment 

Thus nine-tenths of the organic matter in solution is eliminated, 
the whole of the matter in suspension, and moreover a proportion 
varying from 60 to 90 per cent of the micro-organisms primitively 
contained in the water. 
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The treatment gives a dear, limpid and colourless water, con- 
taining so small a quantity of organic matter in solution that it 
may be looked upon as imputrescible. 

Putting the figure at 100 grammes of ferric sulphate the process 
costs about half a centime per cubic metre of the water treated. 

Sillar’s Process. — This process, which has had a certain vogue 
in England, employs a mixture of three principal reagents, known 
as A, B, C alum, blood and charcoal. 

In addition to these three reagents other products are usually 
employed Clay, manganate of potash, earth containing salts of 
lime and magnesia, and the chlorides of sodium, and of magnesium,, 
so that the mixture is very complex This reagent precipitates the 
salts in solution, but the nitrogenous matters which are the cause 
of putrefaction, are treated in an absolutely imperfect manner 

Moreover, from trials made at Leicester^ it has been shown that 
the waters contain more ammonia after treatment than before 

Compared with the lime process the sludge contains more 
ammonia as it is acid, whereas in the lime treatment the sludge 
being alkaline is in a good condition to throw off the ammonia, 
and in drying allows it to escape. 

Anderson’s Process. — Anderson's process consists in allowing 
the water to be purified to drip over scraps of cast iron, contained 
in a horizontal cylinder revolving on its axis 

In absorbing the oxygen dissolved in the water the iron is 
transformed into the protoxide and dissolves The water running 
from the cylinder passes into a wide shallow open conduit, in order 
to give the air free contact with it, and thus produce oxidation. 
Finally it passes into an open reservoir built of cement 

As a result of the peroxidation of the iron by the ox3^gen the 
hydrate of ferric oxide is precipitated, carrying with it the oiganic 
matter in solution. It is allowed to settle a little and finally' 
filtered through sand. Trials of this process made by M Schutzcn- 
berger show that the dissolved organic matter and the microbes 
have largely disappeared, but not altogether 

Suvern’s Process. — This process, which gives an incomplete 
purification, is especially employed in England It consists in 


treating the waters with a mixture of. — 



Parts. 

Slaked lime 

100 

Chloride of magnesium 

15 

Coal tar 

15 

Defosse’s Process.— The process of Defosse 

is in three stag 


^ We believe that the author means Manchester — Tr. 
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1. Decantation and preliminary precipitation with three re- 
agents, sulphate of alumina, permanganate of potash, and lime. 

2. A rapid filtration through peat 

3 A final filtration through a layer of iron ore and limestone. 

The water to be treated is to begin with decanted into a basin 
filled with baffles and a stirring arrangement. In this the greater 
part of the fat rises to the surface of the liquid by reason of the 
agitation, and the different fatty bodies in the upper part of the 
water are drawn off and collected 

These fats can be treated by special processes of purification, 
and used commercially. On leaving the decanting basin, the waters 
are run into a trough and mixed with sulphate of alumina, perman- 
ganate of potash and lime in different proportions according to the 
nature of the liquid to be treated This mixture of reagents is regu- 
lated and delivered automatically by means of floats in the water 
to be purified, adjusting the delivery of the reagents 

The precipitates formed and the matters in suspension are 
deposited in the form of sludge in the basins, which are filled and 
emptied alternatively These deposits are evacuated from the lower 
part of the basins by a pipe leading into tanks below. 

The supernatant sewage from the decanting basins is spread 
over layers of turf, and passes on to a la>'er of artificial iron ore, 
which IS extremely porous, and then on to a bed of limestone. 

The artificial iron ore is made specially for this process and is a 
combination of iron, manganese, and charcoal 

According to AI Defosse, this ore, in contact with the water 
containing organic matter, forms carbonates and hydrates which 
are subsequently peroxidised. As after the passage through this 
ore the waters carry with them a certain quantiU of iron in solution, 
the\ are taken on to a bed of lime.^tone in order to precipitate it as 
carbonate of iron. 

The iron ore being used very slowfly and gradually, its expense 
IS ver\’ slight The process employ’s 120 grammes of reagent (per- 
manganate of lime and charcoal) per cubic metre of sew^er w'ater. 

The greasy matteis obtained are treated by the processes of 
Souffnce of Saint Denis, by u’hich industrial fats and stearine are 
obtained from greasy w’aters from various w'orks and from the scum 
of the Seine. 

The sludge is used in making illuminating gas, w^hich has much 
better lighting qualities than coal gas, and the residue left m the 
retorts, which is a compound of potash, soda, carbon and a certain 
amount of phosphate, is ground up and sold to the farmer as a 
fertiliser. 
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Scott’s Process, — Instead of using lime alone a mixture of lime 
and clay is added to the sewer water. 

The organic matters form about a third of the deposit, and on 
calcining the residue, not only lighting gas is obtained but also 
cement. 

Bird’s Process, — The sewer waters are treated with a mixture 
of clay and sulphuric acid, and the treatment is terminated by a 
filtration through coke. 

Trials made at Stroud, in Gloucestershire, show that nine-tenths 
of the matter in suspension is precipitated in this way, and the 
nitrogen in solution is reduced by half. 

Howatson’s Process, — This process consists in mixing by de- 
grees the residuary waters with a product which the inventor calls 
ferrozone, the preparation of which varies according to the waters 
to be treated It invariably contains, however, a large proportion 
of ferrous and ferric salts Two samples of ferrozone show on analysis 
the following composition : — 




A 

B 

Anhydrous ferrous sulphate 


1*33 

0 80 

Anhydrous feme sulphate 


I 00 

0*05 

Anhydrous aluminium sulphate 


36 29 

30 13 

Insoluble matter (including a little carbon) 


3240 

26 56 

Water, etc 


28 98 

42 46 



100 00 

100 00 

Sulphate of alumina 

69-00') 



Ferrous sulphate 

10 50 [ 

.85 I per cent 

soluble 

Feme sulphate 

5 60 j 



Feme oxide 

Alumina and silica 

12 50^ 
2 40 j 

14 9 per cent 

insoluble 


100 00 




The soluble salts which this product contains rapidly precipitate 
the solid matters in suspension, and prepare the putrescible sub- 
stances for ulterior oxidation. 

When the precipitation is finished the liquid is decanted off and 
passed through special filters which retain any particles in suspen- 
sion still remaining after decantation, and in addition aerate the 
water. 

The water is then poured over a material known as polarite 
which has a powerful oxidising action, and which is intended to 
destroy the organic matters 

Polarite is a black, hard, very porous, insoluble and inoxidisable 
substance, which has the property of retaining oxygen in its pores. 
Its composition is as follows: — 
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Magnetic oxide of iron 


Silica 25 

Lime . ... 2 

Alumina ..... .... . . 6 

Magnesia . . . . 7 

Alkalies .... 6 


100 

The organic matters in suspension or solution are oxidised and 
transformed into carbonic acid and nitric acid. After its passage 
through the polarite, the water is sufficiently clear and limpid to be 
run off into the stream. 

In treating residuary waters a preliminary decantation should 
be effected in order to retain the matters in suspension as far as 
possible. The sludge resulting from the ferrozone treatment is 
treated in filter presses in order to free it from liquid and transform 
it into solid matter. 

Piet and Dumas’ Process. — The water is run into a reservoir 
containing l kilo, of quicklime for each ton of water to be purified 
The albuminoid matters and the sulphate are precipitated. 

After decanting, hypochlorite of soda or of lime is added to the 
liquid in the proportion which ensures the presence of 15 litres of 
chlorine gas per cubic metre of water This is allowed to react for 
six hours, then carbonic-acid gas is bubbled through the liquid to 
precipitate the lime, and a decantation and filtration terminate the 
treatment 

Webster’s Electro-Chemical Process. — In Webster’s electro- 
chemical process an electric current is passed through the residuary 
or sewer water, by the aid of a dynamo communicating by wires to 
ordinary iron electrodes. 

In the case of Pans sewer waters it ib sufficient to use a current 
of -05 ampere-hour per litre. Residuary waters require a more 
intense current, and although they are incompletely purified they 
become clear and inodorous enough. 

There is no necessity to use any reagent, as the electrolysed 
waters contain chlorides, especially those of sodium and of mag- 
nesium, which are decomposed under the influence of the electric 
current and release chlorine which comes off at the positive pole 
Ammonia, soda, potash and magnesia form at the negative 
pole 

The chlorine and oxygen formed act energetically on the organic 
matter, which is rapidly oxidised. In combining the two gases 
form hypochlorous acid with the water and oxides of chlorine The 
acid thus formed attacks the iron of the electrode, and compounds 
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the oxides of chlorine by electrolysing la chloride in the apparatus^ 
the resultant liquid being then added to the water to be purified. 

The electrolyser used in either case is composed of a vat of 
galvanised iron, in the lower part of which is a tube perforated 
with holes and furnished with a zinc tap to allow the passage of the 
liquid to the electrolyser, that is to say the chloride alone or mixed 



Fig 1 19 — Hermite’s electrolyser (plan). 


with the liquid to be purified. The vat has- a rim on the upper 
part forming a reservoir, from which the liquid -is carried off by a 
tube arranged so as to give a constant circulatory current. 

The negative electrodes are a certain number of zinc discs, 
mounted on tvs^o horizontal and parallel shafts, and turning slowly 
The positive electrodes were formerly represented by a sheet of 



Fig. 120 — Hermite’s electrolyser (transverse section). 

platinum held in an ebonite frame, but are now slates pierced with 
holes in which are platinum wires. 

The positive electrodes are placed between each pair of zinc 
discs, and soldered to them at the upper part is an armature of 
lead, bringing them all into communication with a bar of copper 
which traverses the electrolyser. 

This bar of copper representing the positive electrode is there- 
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fore in communication with the positive pole of the dynamo. The 
current passes to the platinum wires, then to the discs of zinc, 
forming the negative electrode, and in communication by means of 
the cast iron of the vat with the negative pole of the dynamo. 

Finally, flexible blades of ebonite placed on the positive frames 
press against the zinc discs and keep them clean by friction. 

The chlorides preferably employed are to begin with the 
chloride of magnesium or this mixed with chloride of sodium or 
potassium, then sea water, then chloride of sodium, chloride of 
aluminium, and chloride of iron. A current of 1,000 to 1,200 < 
amperes is generally passed through the electrolyser with a force 
of 5 volts. 

When several electrolysers are employed they are arranged ini 
series. 

Oppermann’s Process used at the Sugar Refinery at Lambres, 
near DouaL — In this process a mixture of perchloride of iron and 



Fig 121 — Hermite’s electroKser arrangement ot the blades 

calcined dolomite is the reagent used in treating the residuary 
waters. 

This reagent is largely used in Germany in dealing with the 
w’aste liquids of sugar works and has given excellent results. M. 
Manoury has given the process a trial in France at the Lambres 
Sugar Refiner}', near Douai, and its success has been perfect. 
Manoury has communicated the results he obtained to the Jour- 
nal des Fabrzcanls de Sucre and the official inspector of roads and 
bridges has also reported on them to his chiefs. 

The process so far seems to have been used in sugar works only, 
but its employment would doubtless be efficacious in the treatment 
of other effluents. 

Having prepared a solution of sulphide of sodium it is poured 
into a solution of perchloride of iron and a part of this becomes 
sulphide of iron. The mixture thus obtained is put into a cask 
with a tap by which the outflow can be regulated. The mixture is 
drawn off into a tank containing the water to be purified, and when 
mixed some milk of dolomite, which is calcined dolomite stirred up- 
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in water, is dropped into it from a height of a few yards above the 
tank in order to bring about the precipitation of the impurities. 

The action of the protochloride of iron in the presence of the 
sulphide of iron and of the milk of dolomite brings about the 
.following reaction : — 

6FeCl, + FeS + 6(CaO + MgO) - 6FeO -h FeS + dCaClg + 

6MgO. 

Thus hydrate of the protoxide of iron, and of the oxide of mag- 
nesium, sulphide of iron and chloride of calcium. 

The greater part of the lime is combined with the chlorine 
giving chloride of calcium and the carbonic acid turns the rest into 
carbonate of lime The magnesia alone remains, which being only 
slightly soluble in water is less troublesome than the lime, and as it 
as only weakly caustic it does not dissolve the organic matter, or 
only to a negligible extent 

Hydrate of the protoxide of iron and sulphide of iron are formed 
together with the magnesia, the protoxide is quickly oxidised by 
the air and becomes peroxide. In the presence of the peroxide of 
iron the sulphide of iron is oxidised in its turn, and as sulphate of 
iron enters into solution burning up the organic matters by rapid 
•oxidation and by parting with its oxygen is precipitated as sulphide 
of iron 

This iron sulphide is of course again in contact with the per- 
oxide of iron and the cycle of reactions already described con- 
iinues. The purification of 40,000 hectolitres of waste liquids per 
•day at the Lambres Sugar Refinery is estimated at 100 francs 

M. Oppeimann has recently combined the treatment with 
dolomite and the ozone process and has applied the combination 
to sewer water purification. 

Gaillet and Huet’s Process used at the Central Sugar Refinery 
at Flavy le Martel. — This process used for the residuary waters of 
divers industries and especially for the spent liquids of sugar-works 
^consists in treatment with perchloride of iron and lime 

A cask is filled with a solution of perchloride of iron to begin 
with and its contents are poured into a tank containing the waters 
to be treated by a regulating tap The water treated is run off and 
an its course milk-of-lime is poured into it from a mixing tank which 
is kept constantly supplied with fresh quicklime. 

A precipitate of oxide of iron is formed by the following 
reaction — 

Fe^Cl^ + 3Ca(OH)2 - aCaClg + Fe.Og + jHgO. 

By its weight which is considerable this precipitate carries down 
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with it thecoagulum of lime and organic matters in suspension, A 
limy sludge results from this which is rich in fertilising properties 
and can be used as manure. 

According to M. Vivien the cost of this treatment at the Central 
Sugar Refinery of Flavy le Martel may be estimated as follows : — 

The cost of daily treatment at Flavy le Martel in dealing with 
14,000 hectolitres of waste liquid is 56 775 fr., that is to say 0*004 
centimes per hectolitre. 

Recovery of Residues in Dye-house Spent Liquors. — If the ex- 
hausted dye-baths and wash waters are run into the dye-house drains 
there is a certain loss of substances which may be profitably re- 
covered by treating the dye-house effluent. 

In addition to the recovery of carbonate of potash from raw 
wool, which will be considered later in dealing with soapy waters, 
the dyer can very profitably recover the tin from the bichloride of 
the metal used in weighting silk. After having been mordanted 
and squeezed or wrung the silk is then rinsed in plenty of water, 
and during this washing the bichloride of tin decomposes, a part 
remaining in the bath and the rest becoming fixed on the fibre. To 
recover this lost tin Martineau saturates the wash liquors with lime. 
On stirring, the oxide of tin is precipitated and can be collected by 
filtration through cloth. 

A paste containing 1 5 per cent, of oxide of tin is thus obtained 
from which the metallic tin may be extracted or reconverted into 
bichloride by treating the paste wfith hydrochloric acid. 

In indigo v’-ats there is often a considerable amount of unused 
indigo in the deposit, either because the indigo has been badl>' 
ground or because the vat has been badly worked It is of course 
profitable to recover this indigo. 

For this purpose M. Gargon advocates the treatment of the de- 
posit with hydrochloric acid in excess , the lime and the oxide of 
iron are thus transformed into soluble chlorides. The residue is 
collected on cloth and washed and the indigo which it contains is 
dissolved out with hydrosulphite of sodium. 

2. Soapy Waters and their Purification. 

Residual waters containing soap require especial attention from 
manufacturers as they are the most profitable to deal with. 

Potash and fatty bodies can be extracted from them which are 
of great commercial value and are always in demand. 

All waters containing soap in more or less quantity come under 
this head, but we shall here deal with the effluents which result 

18 
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from combing and spinning wool, milling cloth, degumming and 
boiling-off silk, bleaching fabrics, Turkey-red dyeing, and from spent 
dye-baths generally. The water used in treating raw wool is specially 
advantageous to deal with. 

Three classes of these effluents may be distinguished. 

1 . Wash Waters. — These solutions result from the washing in 
cold water of wool in suint. They contain potash which is ex- 
tracted by evaporating to dryness. 

Maumend and Rogelet's process of extracting the potash is still 
in use. It consists in using the water for washing fresh batches of 
wool until it shows lo to 12° B. 

It is then evaporated to dryness and the residue calcined in 
retorts gives a gas which may be used for lighting purposes. 

The residue left in the retorts is dissolved in water and gives a 
crude potassic salt containing about 70 to 80 per cent of pure car- 
bonate and giving a yield of 5 to 7 kilogrammes of crude salt for 
each 100 kilogrammes of wool m suint. 

The manufacturers thus find it to their advantage to give a pre- 
liminary washing, as not only does it yield a profit but it consider- 
ably facilitates the chemical purification. 

2. Scouring Waters. — These result from the hot-scouring of the 
wool or hides with soap 

These are the most abundant m wool manufacture, ‘-and as they 
contain large quantities of putrescible matters they need the most 
careful purification. 

3 . Waters from Working the Wool. — In these waters the oil 
remains which is used in combing the wool, and the soap which has 
been used to form an emulsion with the oil 

There is no difficulty in treating these waters. The addition of 
hydrochloric acid produces a magma which on pressing yields a 
fatty matter which can be used in soap-making and is worth 60 
to 80 francs per 100 kilogrammes The waste waters from wool 
scouring are the most difficult to purify Their composition is 
very variable as it depends upon the concentration of the water, 
the nature of the raw material and the processes it passes through. 

In practice the scouring liquqrs should be looked upon as con- 
taining : — 

1. Organic matters, fatty bodies and other substances 

2. Soluble and insoluble mineral substances 

Before running these waters off into the river two methods may 
be used in purifying them, at the works producing them or at a 
central collecting station dealing with the efduent from all the 
works in a manufacturing district. 
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The treatment of the effluent at the works themselves has 
the advantage that it can be done regularly with a knowledge of 
special circumstances and furnishes valuable by-products to the 
manufacturer. As a matter of fact the effluent of each works is 
almost always charged with the same matters, and has therefore a 
known composition for which a recovery process can be exactly 
elaborated, and as the amount of fat contained is usually fairly large 
the recovery is certain to be profitable. 

When the effluents of a manufacturing district are run into a 
common collector for treatment, as in the case of the towns of 
Roubaix and Tourcoing, the composition of the liquid, coming as 
it does from all kinds of works, is not only complex but very 
variable. The recovery of the by-products becomes in this case 
problematic for the yield is frequently too small to pay the cost 
of the process. We will examine several processes used at the 
works themselves to deal with soapy waters, especially the effluents 
of the woollen industry. Then we will pass in review the experi- 
mental processes at collecting stations dealing with divers effluents, 
taking as a type of water that of the Espierre. 

(A.) PURIFICATION OF SOAPY WATERS AT THE WORKS. 

Vohl’s Process. — This process has been specially recommended 
by the soap-boilers for dealing with the liquors resulting from the 
boiling-off of silk and from Turkey-red dyeing. 

The soapy waters are treated with chloride of calcium until pre- 
cipitation is complete, the precipitate is collected, pressed and put 
into lead-lined vats where it is decomposed with commercial h\’dro- 
chloric acid which must be free from sulphuric acid. 

A jet of steam is then blown in and the excess of this wnth the 
gas resulting from the reaction is passed throuj^h a box filled with 
lime and escapes by the chimney. 

The unwholesome gases and bad odours are destroyed and the 
fluid fatty acids float on the surface of the liquid It is allowed to 
settle for six hours and then the low'er contents of the tank are 
drawn off by means of a tap at the bottom As this liquid con- 
tains chloride of calcium it can be utilised over again. 

Water acidulated wdth hydrochloric acid is then added to the 
contents of the tank and after turning on the steam for half an hour 
the whole is allowed to settle. 

The clear acid liquid is drawn off and the layer of fatty acids in 
an emulsion are ready for special treatment, either to get rid of the 
water or to do this and bleach the fat at the same time. 
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The water is driven off by heating the emulsion with the 
addition of sea salt over the open fire or with a steam coil. 

If it is required to bleach the fats also and thus increase their 
volume after washing with hot water the hot fats are put into 
a lead vat with a stirring arrangement and heated by a steam 
coil. A solution of chromate of potash in sulphuric acid is added 
and the contents are stirred for half an hour, after which they are 
allowed to settle for six hours to separate out the fatty acids 

The lower layer of liquid is chrome alum It is drawn off and 
the operation is repeated five or six times according to the degree 
of bleach required. 

Finally the fatty acids, after settling and the drawing off of the 
clear water, are freed from water by distillation For this purpose 
they are put into a still with 14 to 15 per cent, of mineral oil and 
distilled. 

The mineral oil can be recovered and used again. If the 
separation of the solid fatty acids is required, the mixture of fatty 
acids still hot, freed from water and bleached, is put into a vat and 
allowed to cool slowly to 9° C. The concrete fatty acids collect at 
the bottom of the vat and crystallise. They have only to be col- 
lected and cold pressed and the separation is effected In order to 
avoid the formation of alkaline sulphate by impure hydrochloric 
acid containing sulphuric acid, which renders the separation diffi- 
cult, M. Vohl proposes to replace the chloride of lime by chloride 
of calcium. 

Treatment with Chloride of Sodium. — Like the preceding one 
this process is used for treating soapy liquors of a certain purity 

Sea salt is added to the liquor until it is saturated ; the soap 
comes to the surface m clots and after collection is treated with 
sulphuric acid to separate out the solid fatty acids 

Treatment with Carbonate of Soda. — The treatment with sodium 
carbonate is used, preferably, in the same case as the preceding 
processes. The carbonate of soda is simply added to the soapy 
liquor and it is heated to about 60° C. for half an hour. 

A scum forms on the surface of the liquid. This is collected 
and treated with hydrochloric or sulphuric acid to separate out 
the fatty acids. 

Purification at Holden’s Woollen Works at Croix. — The method 
used at Holden’s works, the great wool-combing factory at 
Croix, in the north of France, is also used at Seydoux’s works 
at Cateau. 

The soapy waters to be purified have the following composition 
per cubic metre : — 
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Kilos. 

Fatty matters 9*500 

Organic matters .... 3*841 

Soluble and insoluble minerals ... ... 7*082 


20*423 

They are run into a cast-iron tank lined with lead and 5 kilo- 
grammes of commercial hydrochloric acid of 22° B. per cubic metre 
are introduced. The greasy matters are decomposed into fatty 
acids and a magma floats on the surface of the liquid which contains 
the major part of the fats and the earthy matters. 


This magma has the following composition : — 


Fat . 

43*30 

Organic matter 

18 83 

Earthy matter 

37*87 


100*00 


After settling the clear liquid is run off and this still contains : — 



Kilos 

Fatty matters 

I 100 

Organic matters 

I 672 

Mineral matters 

I 145 


3917 


As the water that runs off is acid, on neutralising this acidity 
with lime a precipitate is obtained which according to M. Goblet 
contains 1*390 kilogrammes of fat and organic matters per cubic 
metre. In this precipitate is also found a large proportion of the 
mineral matters Usually this precipitate is thrown away and the 
water is passed through hme or decanted and run off into the 
Espierre collector. 

The cost of this treatment per cubic metre, as regards reagents, 
may be put at : — 

Commercial hydrochloric acid, 5 kilogr. at 4 fr. the 100 kilogr . o 20 

Lime ....... . o 02 

o 22 

The magma obtained by the hydrochloric acid is hot pressed. 
It yields a non-saponifiable fat The residue containing fatty 
matter is treated with bisulphide of carbon. 

At Holden’s works the fat recovered is estimated as worth 25 
francs the 100 kilogrammes, and as 6 kilogrammes are extracted 
per cubic metre the treatment furnishes 1*50 fr. of fat per cubic 
metre. Taking into account the cost of reagents, z 0*22 fr., the 
remaining 1*28 fr. is amply sufficient to meet the cost of working and 
to leave a profit. 
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J, Mollin’s Process, — Clay purifies residual waters by forming a 
coagulum with certain of the substances in the water. 

In soapy waters, where the soap is simply in solution, an 
abundant precipitate is not obtained The clay sinks to the 
bottom of the liquid and the water remains turbid. If however 
the water contains fatty acids in emulsion on adding clay mixed 
up in water a voluminous precipitate is deposited. 

In the case of the waste waters from wool combing soured with 
hydrochloric acid an emulsion of grease is obtained which treated 
with I gramme of blue or potter's clay per litre of water gives 
a voluminous flocculent precipitate which falls down rapidly and 
carries with it a great part of the nitrogenous matters in solution 
The magma formed is collected and yields from i 5 gramme 
to I 7 per cent of a product that on treatment with bisulphide of 
carbon gives 30 per cent, of a light-coloured fat melting at from 
34 to 35° C. and resembling good suint 

The fatty matter of this magma need not be extracted and the 
whole mass may be retorted for illuminating gas In the treatment 
by bisulphide of carbon the cakes after the grease is extracted 
have the following composition : — 


Water 

1 40 

Organic matter 

28 00 

Ash 

67 60 


100 00 


These cakes contain 1*19 per cent of nitrogen, which proves 
that the clayey-greasy precipitate has eliminated a considerable 
proportion of the nitrogenous organic matters 

Using I kilogramme of clay per cubic metie of water, 787 giammes 
of the organic matter is eliminated thus . — 

Kilo 

Organic matters o 4570 

Divers and nitrogenous organic matters o 3304 

o 7874 

The elimination of these 787 grammes of organic matters re- 
quires I kilogramme of clay at 2 francs per ton, that is to say the 
cost is 0*002 fr. Naturally this cost is calculated for clay alone and 
as concerning the purification of waste acid liquors from wool comb- 
ing. In this way the greater part of the fatty bodies which have 
escaped precipitation from the soapy water by hydrochloric acid 
are recovered This treatment with clay therefore necessitates that 
the fatty acids should be in a free state, and consequently, if they 
are not, the fatty matters must be decomposed to begin with by the 
addition of hydrochloric acid to the water to be purified. 
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Purification at the Woollen Factory of MM. Delattre at 
Dorignies les Douai. — This question of the purification of waste 
water from wool combing being very important we will examine 
minutely the methods of treatment employed at the factory of 
MM. Delattre at Dorignies les Douai. We will describe the pro- 
cess formerly used at the Dorignies factory and the process as 
improved by M. Delattre. 

r. 0 /d Process . — The wash waters are run into decanting cis- 
terns, as soon as one cistern is full the water is turned into another. 

The solid matter is deposited as sludge. Wooden grids super- 
posed from bottom to top of the cistern collect the sludge and 
drain it sufficiently to allow it to be scooped out. They are re- 
moved successively in the course of the work with this object. 

This sludge contains much wool and mineral substances which 
allow it to be used as a fertiliser. The water is diverted into a tank 
and a reagent of perchloride of iron soured with hydrochloric acid 
is added. Thus the fats are decomposed into fatty acids and being 
set at liberty float on the surface of the liquid. They are skimmed 
off and are ready for use By treating the fatty acids by steam 
pressure oil is extracted from them from which a very brilliant 
illuminant gas can be obtained. The water after treatment in the 
tank passes into a circular vat in which milk-of-lime is continually 
dripping. The contents of the vat are kept in agitation by a 
mechanical stirrer. 

The result is that the acid water is neutralised, oxide of iron is 
precipitated, carrying with it the organic matter and the water is 
turned into decanting cisterns where it deposits the precipitated 
matters The water runs off clear from the upper part of the 
decanting cisterns and is allowed to escape into the river. The 
calcareous sludge can be pressed into cakes. 

This process formerly used at the factory of M]\I Delattre, and 
devised b\ M Gaillet, allows wash winters from w’ools in suint, 
containing about 30 kilogrammes of residue per cubic metre, to be 
treated so that 72 per cent, of the volatile organic matter and 50 
per cent, of the fixed organic matter is eliminated. At Dorignies 
1,000 cubic metres of water is treated every twenty-four hours and 
the same process has been employed at Fourmies. 

2. Neiv Proces:s — In the woollen industry the wools in suint 
before being spun have to undergo two operations to free them 
from foreign matters. 

(1) Desuinting, or simple washing, to take away the soluble 
matter in the suint. 

(2) Degreasing, or scouring, in which the insoluble fats and the 
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various foreign matters that adhere to the fibre are taken from it 
by using carbonate of soda and soap, after the simple washing. 
The result of these two operations is to produce enormous quan- 
tities of residuary waters, known as wash waters These must be 
considered under different heads according as to whether they come 
from the simple washing or the scouring. 

The water from the first operation is easy to treat in order to 
obtain potash which may be used in soap manufacture. 

Tn this case it is sufficient to evaporate the liquor in special 
kiers following the process of Maumen^ and Rogelet. The residu- 
ary waters are thus transformed into a remunerative product. 

But if the wash-liquors are easily treated this is not the case 
with scoui:ing-liquors. These latter contain the most varied foreign 
matter in large proportion, and thus, until recently, these liquors 
were considered incapable of profitable treatment Lately, owing 
to the constant efforts of MM. J Delattre and Son, the residuary 
water at the works at Dorignies les Douai has been so perfectly 
treated that the effluent is sufficiently clear to Jbe turned into the 


stream. 

The importance of the question will be seen when it is under- 
stood that at the Dorignies factory alone 6,000,000 kilogrammes of 
wool is scoured and combed annually, and that the daily effluent 
amounts to from 1,500 to 2,000 cubic metres of residuary waters 
having the following composition per litre — 

Grammes 


Insoluble matter 
Soluble matter 


( Organic 
\ Mineral 
I Organic 
\ Mineral 


30 46 > 
184/ 

235^ 

2 10 / 


32 30 

4 45 


36 75 


After purification the water is run off into the canal of the Haute 
Deule and has the following contents per litre : — 


Soluble matter 


( Organic 
1 Mineral 


Grammes. 

35 
2 00 


235 

In examining these analytical results the conclusion is arrived 
at that in the course of purification 3440 grammes of impurities 
have been obtained from each litre of water It will be seen that a 
mere trace of organic matter remains, and an insignificant 2 grammes 
of mineral substances. 

As the result of conclusive trials the Administration of Bridges 
and Highways has allowed the effluent from the residuary waters 
thus treated to be run into the river, and the late Aim6 Girard 
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reported enthusiastically on the process to the Society for the- 
Encouragement of National Industry. 

Description of the Process* — The wash-liquors are separated 
into two portions : — 

1. The liquor from the cold wash is treated as usual to recover 
the potash. 

2. The scour-liquors are submitted to a special treatment. 

This proceeds as follows : — 

(a) It commences with a preliminary decantation from a deep^ 
and narrow cistern. The sludge is deposited and used as manure ; 
it IS very rich in nitrogen, potash and ammoniacal nitrogen. 

(J?) The fatty matters are separated out with a slight excess of 
sulphuric acid, and this is subsequently neutralised with lime. 

(c) The greasy sludge is treated to extract “ suintme ” from it, 
and the residue, rich in fertilising principles, is used in the manu- 
facture of manures. 

Method of Operation. — The wash-liquors are run into tanks 
having taps in the lower parts which allow the liquor to be run 

off with force down a sloping central conduit bearing the solid 

matter with it. From the conduit the water runs into a culvert 

which leads it by two lateral openings into one of two deep and 

narrow stone-work cisterns where the sludge is allowed to settle. 

In each cistern troughs of wood are arranged from top to bottom, 
taking a long zigzag course in order to free the water completely 
from the solid matter Two large sluices in each cistern allow 
them to be cleaned out simultaneously The water is decanted 
from the upper part of the cistern and is carried off by a trough 
into a large stone- work reservoir. 

In order to acidify perfectly the liquid mabS which is a necessary 
condition of successful purification the water before entering the 
stone-work cistern meets with a large stream of sulphuric acid which 
runs over a glass plate A number of baffles which force the current 
to wash from side to side facilitate the mixture with the acid, and 
it pours into the large reserv’oir which has a capacity of about 
500 cubic metres. The sulphuric acid is diluted with water to 
from 20° to 22° B. in two lead-lined tanks, and the mixture is- 
stirred mechanically It is carried to the trough by one of Kul- 
mann’s steam acid pumps. 

The acid m excess m the waters thus treated is neutralised by 
diverting the wash-water into a conduit where it meets a stream 
of milk-of-lime, prepared in a circular vat by means of slaked lime 
mixed with a stirrer. 

In order to obtain a regular neutralisation, large liquid masses 
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are operated on. After this preliminary neutralisation, therefore, a 
second and more complete neutralisation follows in a large special 
reservoir. 

When this is completed the purified water is limpid and clear, 
and can be run off into the river. 

Recovery of the By-products. — The wool in suint contains — 


Pure wool 4 ^ 

Potash 4’5o 

Fatty acids 14 

Earthy matters 41 5o 


100 

It will be seen that it must be profitable to recover the fats. 

Works treating the wash-liquors from 6,000,000 kilogrammes 
of raw wool annually produce about 840,000 kilogrammes of fat 

Adding the oil entering into the composition of the soap em- 
ployed and that used in the combing, that is to say about 1 10,000 
kilogrammes of oil, a total of 950,000 kilogrammes is obtained from 
the treated wool. In the preliminary washing some part of the 
grease is carried off and lost, and the recovery processes may be 
estimated as dealing with 60 per cent, that is to say 570,000 kilo- 
grammes of fat remains in the waste liquors 

To recover the fat the flow of liquor into the cisterns is stopped, 
to begin with, at the end of twelve or twenty- four hours, according 
to circumstances and the clear part is decanted 

The sludge is cleared out by a sluice in the bottom of the 
cistern into a deep cistern- well from whence it is taken successively 
into two sludge pumps, 

A jet of steam forced into the first sludge pump mixes with the 
sludge, which is raised to a temperature of about 80° C. 

The more liquid sludge from the first sludge pump is carried by 
a pipe into the second sludge pump which takes it to a filter press 

In its passage through the filter the sludge leaves 40 to 50 
per cent of fatty matter in a collecting tank, and these fats are 
treated with acid, as before, then washed in clear water before 
putting them on the market 

The residue from the filter press is taken out, dried and ground 
up with a view to the recovery of the 20 to 2 5 per cent of fat which 
it still contains 

To extract this still remaining fat benzine is used. 

The ground-up cakes of sludge are put into cylinders, 2 metres 
high by i broad, and treated methodically with benzine, commenc- 
ing with the most exhausted sludge and finishing with the untreated 
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cakes. The supply of benzine is stopped with the last introduced 
and shows no grease when evaporated on a glass plate. 

The benzine is then run into a central reservoir, and the benzine 
still impregnating the sludge is driven off with a jet of steam. The 
benzine is condensed in a refrigerator and from there returns into 
the central reservoir. 

The whole of the benzine, charged with grease, is run into a still 
and the benzine is distilled over and collected in a refrigerator and 
from there passes into the central reservoir to be used again. 

As before the recovered fats are treated with acid and washed 
before being put on the market. 

The fat extracted from the wash liquors, or suintine, amounts to 
about 520,000 kilogrammes yearly and brings from 12 to 15 francs 
the 100 kilogrammes. About 2 per cent of fat still remains in the 
sludge and the loss of benzine is estimated at 30 kilogrammes 
for every 3,000 kilogrammes of treated sludge. 

The cakes after the recovery of the grease make excellent 
manure, and at the works of MM Delattre and Sons a very sub- 
stantial profit IS made in combining them with superphosphate of 
lime and selling them to the farmers as fertilisers 

Recovery of Glycerine from the Mother-liquors of Soap-work^ 

The large consumption of glycerine makes its recovery of special 
importance in soap-works where it is obtained in considerable 
quantities as a by-product, unfortunately too frequently wasted 

j\Iany processes have been proposed to effect this recovery, but 
very few of them have been found really practicable. The extrac- 
tion of glycerine from the soapy residuary water of woollen factories 
requires a special process suited to the particular composition of 
the water, which moreover constantly changes, qualitatively and 
quantitatively, so that the recovery is a very difficult matter 

The recovery from the <oap-boiler’s effluent is much easier as 
the same problem is always proposed . given an aqueous mixture 
of glycerine, soda and chloride of soda to separate out the glycerine 
with economy. 

A method of extraction consists in neutralising the alkalinity of 
the water with hydrochloric acid, then evaporating the whole in the 
water-bath. A syrupy mass results from this evaporation which 
is taken up w^ith 90° alcohol in order to separate the glycerine from 
the saline matters. These latter are only dissolved in very small 
quantity by the alcohol. 

The distillation of the alcoholic solution allows the alcohol to 



284 INDUSTRIAL USES OF WATER. 

be driven off and collected and the glycerine to remain behind in 
the still in the form of an impure brownish residue 

The process of S. W. Koppe, which is much more practical, 
consists in neutralising completely, to begin with, the alkalinity of 
the mother waters containing the glycerine. This neutralisation 
has an important effect on the work of separating the salts and on. 
the purity of the glycerine obtained The product thus treated 
IS put into shallow vats with a large surface for evaporation and 
heated with the waste steam of the works. It is raised to 109° C. 
and concentrated , the evaporation is very rapid and as the saline 
matters deposit they are withdrawn with an iron rake. These 
saline matters are thrown into baskets and allowed to dram into 
vats and from this liquid the glycerine is recovered. The liquid 
is carried to a high temperature and finally put into a still and 
heated over the open fire until the temperature reaches 193° C. 
When this temperature is reached it is kept up by a current of 
superheated steam and the glycerine distils over. 

(B ) PURIFICATION OF SOAPY WATERS AT A COLLECTING STATION. 

As a typical collecting station dealing with soapy waters we will 
take that of the Espierre, as without contradiction the most numer- 
ous experiments have been made there Moreover these waters are 
polluted with a variety of substances and are in huge quantity 

The waters of the towns of Roubaix and Tourcoing are turned 
into this collector which drains all the putrid matters in the effluents 
of this district. A large proportion of the effluent of the woollen- 
mills and dye-works of the district is turned into the Espierre, but 
all sorts of works use the same open sewer and it receives also 
the household slops and midden drainings. 

It therefore contains the most varied accumulations of mineral 
substances and organic matters. There is a heavy proportion of 
fats and these are almost the only bodies capable of being extracted, 
other extractable substances are in too small proportion 

The Espierre with its pestilential waters has been the cause of 
numerous complaints by the Belgian Government, for on entering 
Belgium it flows into the Escaiit and pollutes it. 

This question brought about a diplomatic protest m 1861. A 
Prefectoral Decree of the 21st October, 1863, called upon the 
authorities of the two towns of Roubaix and Tourcoing to deal 
with the nuisance and prevent the Espierre from carrying mfectious« 
matters into Belgian territory. The results obtained were far from 
good ; fresh complaints were made and the question several times 
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over came before the Chamber of Deputies. Several commissions 
were nominated, among others those of 1866, 1873, and of the 7th 
June, 1 88 1. A communal commission was also appointed by Pre- 
fectoral Decree. 

The nature of the Espierre water and of the surrounding soil led 
these commissions to conclude that chemical purification was the 
only possible solution of the problem. In the wool-combing estab- 
lishments the extraction of the fats can be made profitable as the 
waters contain from 9 to 1 1 kilogrammes of these matters per cubic 
metre. In the case of the Espierre as the effluent has the most 
diverse origins the proportion of these bodies is of course much 
smaller. 

Analyses of water from the Espierre made by the Faculte des 
Sciences of Lille on seven consecutive day in July, 1881, at seven 
o’clock in the morning, gave the following results : — 


Mixture of the Roubaix and Tourcomg Waters taken from the 
Espierre at the Sartel Dam 


Contents per litre 




Da\. 


1 

1 

A\erage of 

I St 

2nd 

3rd ' 

4th 

5th ! 6th 

7th ' 

the seven 
da>b 

Fat . 

0 81 

00 

0 

I 08 ' 

I 05 

0 93 : 1 84 

1 ^5 

I oS 

Organic matter 

0 83 

1-52 

I 54 , 

0 63^ 

0 81 1 r 35 

0 30 1 0 26 

133 

1*14 

Sulphate of sodium 

031 

0 13 

0 32 1 

0 14 

0 29 

0 25 

Chloride of sodium . 

0 22 

0*18 

0 26 1 

0*11 

0 17 1 0 20 1 

0 20 

0*19 

Carbonates of potassium and 
sodium 

i 0 47 

0 49 

; 

i 0 27 

0*15 

1 

0 43 1 0 56 

1 

0 56 1 

0 42 

Carbonate of lime 

1 036 

0 68 

1 096 { 

I 08 

1 0 68 j 0 68 

0 48 1 

0 70 

Sand, alumina and iron 

045 

0 53 

I072' 

0 74 

0 58 1 0 98 

0 59 1 

0 66 

Dry residue 

3 45 

433 

Is 15^ 

3 90 

3 90 5 90 

! 4 5 *^ i 

4 44 


The 042 of alkaline carbonates, shown as the average of the 
seven days, consisted of o 24 of carbonate of soda and O 1 8 of 
carbonate of potassium. The total nitrogen showed an average 
of 0*098, existing as — 

Organic nitrogen o-ogo 

Ammoniacal nitrogen o*oo8 

According to the above table the average content of fat in the 
seven days was 1*80 kilogramme per cubic metre. 

We will now describe the works at Wattrelos-Grimonpont which 
have been established with the particular purpose of purifying the 
water of the Espierre, The lime process has been adopted at these 
works, but it has been established with the view of adopting any 
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other process which the results show to be advantageous We 
will examine to begin with the principal processes which have been 
given a trial At the same time we may mention that through the 
energy of M. Gruson, Inspector- General of Bridges and Highways, 
and the deep interest naturally taken in the question by the towns 
of Roubaix and Tourcoing, a solution of the problem has been 
reached in the adoption of the new process perfected by M G 
Delattre of Dorignies. 

Central Works at Grimonpont for the Purification of the Waters 
of the Espierre. — This establishment is about 4 kilometres from 
Roubaix and about 2 kilometres below the confluent of the Espierre 
and the Truhon. With its dependencies it covers an area of 8 34 
ha. and receives the majority of the residuary waters of Roubaix 
and Tourcoing 

The canal of the Espierre receives 30,000 cubic metres of water 
in twenty-four hours, of which about one-third comes from the 
woollen-works The proportion of the solid matter that the water 
contains is extremely variable and oscillates between 5 and 10 
kilogrammes per cubic metre. As we have said chemical treatment 
IS resorted to at Grimonpont. To begin with purification by lime 
was tried, but the model works designed by M. Gruson, Inspector- 
General of Bridges and Highways, and his collaborators M Devos 
the engineer, and M. Weber, have been constructed with a special 
view of trying any chemical treatment which might be advanta- 
geously substituted Thus the works at Wattrelos-Grimonpont 
have often been put at the disposition of chemists who wished to 
make experiments with particular processes To begin with the 
water is decanted from two tanks each with a superficial area of 
2,500 metres 

Dams in the Espierre turn the water into the works The 
waters to be purified are diverted into a cistern well and are treated 
with milk-of-lime, made as a rule with 100 kilogrammes of quick- 
lime to 600 litres of water The milk-of-lime ready prepared is 
run into two superposed reservoirs, it is allowed to escape into the 
lower one, and from there is pumped into a distributing tank. 

By means of a regulator the flow of the reagent is controlled 
proportionally to the quantity of water to be treated and its nature. 
In this way the milk-of-lime is mixed with the water to be purified 
in the cistern well. Four centrifugal pumps 'force the mixture of 
Espierre water and lime into a series of twenty decanting tanks. 
The water is decanted from each tank by means of two sluices 
and the clarified water runs off and continues its course. 

The sludge is dredged out and spread over a sort of sewage farm 
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in the neighbourhood of the works and this rids it of the major part 
of its water. The case where a reagent, other than lime, is em- 
ployed which gives liquid sludge has been provided for by ar- 
ranging two sluices in the bottom and in the axis of each tank. 
By burning the dried sludge in special furnaces the lime can be 
recovered but it is mixed with the impurities of the precipitated 
matter. 

Lime Process, — The lime process has been recommended by 
Clark, the engineer, and later by Hofmann and W'hite ; nevertheless 
it gives very imperfect results. 

The matters in suspension and the fats are properly precipitated, 
but the lime does not eliminate the organic matters in solution and 
these are the source of putrefaction. 

The Royal Commissioners, W. T. Dennison, E. Frankland and 
J. Chalmers Morton, in reporting on the pollution of the Mersey and 
Ribble, described the water after treatment with lime as black and 
foul, with putrid matter floating on its surface. For the Espierre 
water 3 kilogrammes of lime are used per cubic metre, which makes 
the expense for this reagent 3 centimes. 

The purification of the Espierre water by lime is very imperfect. 
The water is alkaline and favours the caustifi cation of the organic 
matters and their consequent entrance into solution The lime 
takes oxygen from the air and becomes the carbonate, and the 
purified water becomes the source of still more acti\ e putrefaction 
Using 2 kilogrammes of lime per cubic metre the’ analytical lesults 
of I litre of purified Espierre water are as follow — 


Residue 

Colour of residue 

Calcined residue 
Loss at red heat 
Ammoniacal nitrogen 
Albuminoid nitrogen 
Alkalinit> (CaO) 

Sulphuric acid 
Chloride of sodium 
Total lime 
Oxide of iron 
Hydrotimetnc deposit 

„ „ after boiling 

Appearance 


1,350 milligr 
\ello\Msh green 
Milligrammes, 
gjo 

430 

-5 

12 24 
64 

237 

167 

129 

40 

26 

iS 

Turbid yellow. 


The lime treatment is very difficult to work. The clarification 
is slow. The sludge is abundant, and shortly after a putrid fer- 
mentation sets up in it which becomes more and more active as the 
temperature rises. The abundance of sludge is the great difficulty 
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in this method of treatment. It reaches about 7,000 cubic metres 
'per day in the case of the Espierre and an encumbrance of sludge 
accumulates too liquid to be passed into the filter press and com- 
pressed. Lime therefore should not be used unless it is accom- 
panied with other reagents. 

Acid Process. — Let us examine the application of a process of 
purifying Espierre water on a basis similar to that used at the 
wool factory of Messrs. Holden. Hydrochloric acid is poured into 
the collector, the fatty acids are set at liberty and a greasy magma 
floats on the surface. It is collected, hot-pressed, and yields a fat 
with a cake as residue which unfortunately is usually of little value. 

The extraction of the grease by this means is very incomplete. 
A yield of about 60 per cent, is obtained. With bisulphide of 
^carbon the yield is much higher, but this treatment necessitates 
many precautions and a special plant Lately, however, a practical 
apparatus has been devised to extract the fat with gasoline. We 
will calculate the cost of dealing with Espierre water containing 
1 08 kilo, of fat per cubic metre, which is the average found by 
-analysing the water for seven consecutive days. 

To treat i 08 kilo of fat in the i cubic metre of Espierre water 
we estimate that o 300 kilo, of commercial hydrochloric acid of 22° 
B. is needed. Putting the cost of this acid at 4 francs the 100 
kilogrammes and obtaining a yield of 60 per cent of the fatty 
matter, to recover o 648 kilo, of fat per cubic metre an expenditure 
•of 012 fr, for hydrochloric acid is necessary. 

This fat may be estimated as worth 25 francs the 100 kilo- 
grammes, so that the yield of 648 grammes is worth o i6 fr 
The cost of the lime used in neutralisation must be added, which 
may be estimated at 2 centimes per cubic metre of water 

To sum up, the 648 grammes of fat worth 16 centimes is 
obtained at an expense of 12 centimes + 2 centimes for reagents = 
*14 centimes for reagents. Two centimes only remain to cover the 
•establishment charges, wages, cost of fuel, etc., which is altogether 
insufficient, and with this treatment therefore the balance is on the 
wrong side 

Hydrochloric acid, more and more in demand for commercial 
uses, tends to rise in price, and its application in this process will 
therefore become less practical constantly. 

Sulphuric acid, the price of which has a tendency to fall, may 
ibe substituted for it. 

P. Gaillet’s Process, — This process can be used to purify 
Espierre water on a basin situated on the collector from whence 
.the water runs into a cistern provided with mechanical stirrers into 
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which milk-of-lime is poured continuously. The liquid runs into a 
tank from whence the first decantation is operated and the liquid 
sludge is drained at the bottom and collected in four reservoirs, 
10 metres in diameter by 10 metres in height. 

The drained sludge may be pressed in special filter presses in 
order to furnish cakes. This process eliminates the fatty matters, 
the soluble sulphides and three-quarters of the organic substances 
present, and the final residue of the treatment yields chloride of 
lime. 

The action without heat of hydrochloric acid on peroxide of 
iron made from pyrites yields an acid peroxide of iron of 30° B. 
acting very well on greasy waters, and if heat be used a saturated 
peroxide of from 35° to 40° B. is obtained. 

M. Gaillet recommends the employment of this 40° B. peroxide, 
which, with hydrochloric acid at 4 francs the 100 kilogrammes, 
costs 460 francs the 100 kilogrammes, all charges included. 

Combined with lime the cost of this applied to the Espierre 
water is : — 

200 cubic centimetres of perchloride of iron of 40° B . . . o 0126 

3 kilogrammes of lime . 0*0300 

o 0426 

If the establishment charges are taken into account, deprecia- 
tion, interest on capital, cost of maintenance, wages, fuel, reagents, 
etc., the expense may be put at 0072 fr per cubic metre of the 
Espierre water purified 

Legrand’s Process. — In this process the reagent is ferrous 
chloride. As compared with ferric chloride there is no advantage 
in employing it. Ferrous chloride is an expensive salt as it must 
be made from pure non-oxidised iron. It is not an ordinary com- 
mercial article and the user is compelled to make it for himself. 
As for its action it is less energetic than ferric chloride, the use 
of which has been recommended by Dr. Kaene, P. Gaillet and 
Gunning 

Chloride of Manganese Process. — Like feme chloride, chloride 
of manganese may be used in treating Espierre water with lime as 
a neutraliser. By this treatment P. Gaillet has eliminated the 
major part of the organic matter. The chloride of manganese 
used is a by-product in chlorine manufacture, but Velden’s recovery 
process makes this salt more and more difficult to procure. 

Howatson’s Process. — As already mentioned Howatson’s pro- 
cess applied to Espierre water depends on the action of two 
products known as ferozone and polarite, analyses of which we 
have already given. To begin with the water to be purified is 

19 
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given a first treatment with lime in order to facilitate the further 
processes by precipitating the major part of the solid bodies. Next 
the water is mixed gradually with ferozone, largely composed of 
ferrous and ferric sulphates and sulphate of alumina. The reagent 
is prepared daily in a special tank. It runs out of this from a 
regulating cock which distributes it in proportion to the quantity 
and nature of the water to be purified in a decanting tank. After 
decanting the water is filtered and leaves behind all the matters 
in suspension. 

The water is finally dealt with in a polarite filter, the filtering 
body being an oxidising agent consisting of oxides of magnetic 
iron, calcium, magnesium, silicon and aluminium. This oxidises 
the organic matter. 

According to the researches of A. Langumier the trials made 
of this process with the Espierre water 'have given the following 
results : — 



Espierre 

water. 

Ditto 

purified 

Percentage of 
total elimination 

Residue at 100° C ... 

Colour of residue .... 

. 4 840 

. black 

1*760 

white 

63*6 

Loss at red heat 

. 3-180 

570 

82*1 

Burnt oxygen (acid solution) 

. 1-360 

I *69 

876 

Ammoniacal nitrogen in NH^ 

. 23*38 

10 40 

55’5 

Albuminoid nitrogen in NH3 

. 35*36 

2*50 

93*2 

Alkalinity (CaO) 

251 

45 

82*2 

Total lime (CaO) 

• 352 

95 

730 

Sulphuric acid (SO3) 

. 72 

338 

— 

Oxide of iron and alumina 

300 

20 

923 

Chloride of sodium 

187 

64 

123 

Hydrotimetnc degree . 

• 75 

41 

— 

,, „ after boiling 

Appearance of the water 

• 75 

. muddy 
black 

33 

limpid and 
colourless 



The residues are collected in a decanting tank and the filters 
are easily cleaned with a current of water. 

Houzeau’s Process. — From the liquids used in washing lignites 
Houzeau obtains a product consisting of a mixture of ferrous and 
ferric sulphates of sulphate of alumina. This reagent acts energeti- 
cally on Espierre water which is then treated with lime. The draw- 
back of this process is that sulphate of lime is produced, and it has 
been sought to remedy this, as under the influence of reducing agents 
such as the organic matter present it forms sulphuretted hydrogen 
The reagent therefore has been treated with the view of converting 
the sulphates into chlorides. 

An analysis of the resultant product shows that its composition 
per litre is : — 
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Grammes 

Sulphate of alumina igg 50 

Ferric sulphate 10 

Free sulphuric acid . , 4 

Ferric chloride 156 

Ferrous chloride . . . . 75 

Insoluble clayey matters 22*60 

Water 756 

1223*10 


This product still contains a notable quantity of sulphuric acid 
and the drawback still exists. It requires from 9 to 10 kilogrammes 
of this reagent to purify i cubic metre of Espierre water. Estimat- 
ing its cost at I franc per 100 kilogrammes, the cost of treating a 
cubic metre of the water is therefore 9 to 10 centimes, without 
counting other expenses, lime, wages, etc. 

Ferrous Sulphate Process, — Purification with ferrous sulphate 
combined with lime, which has been highly recommended, gives 
fairly good results. The major part of the organic matter is elim- 
inated and the soluble sulphides are fixed as insoluble sulphide of 
iron. Not only, however, is there sulphate of lime in solution, but 
as the precipitation of the ferrous sulphate by the lime is incom- 
plete, salts of iron still remain in solution, and this is an objection. 
It is true that it may be said that these salts serve to neutralise 
the soluble sulphides, but it is rare that one or the other are not in 
excess and m either case this is a drawback to the process. 

Boblique’s Process. — To begin with, Boblique’s process con- 
sisted in employing magnesia to obtain, in combination with the 
phosphates and magnesia in the water, a compound containing 
these three bases of great value as a fertiliser. The principle was 
recommended by Schloesing. On the same principle Boblique 
made experiments with ferruginous phosphate of soda obtained by 
his special process which consists in fusing Ardennes nodules with 
iron. Phosphate of iron is thus obtained which is fired to a red 
heat with sulphate of soda and charcoal. The cooled mass is left 
for some days in the open air. It is then moistened with water and 
gives fine crystals of phosphate of soda. 

Later still M. Boblique obtained the phosphate more economi- 
cally by the action of soda on redondite, which at the same time 
produces alumina as a profitable by-product Lately M. Boblique 
has been experimenting on the Espierre water, but he prefers to 
remain silent as to the results. 

A, and P, Business Process. — Applied to the Espierre water this 
process depends on the action of ferric sulphate. Trials were made 
at Grimonpont on a daily flow of 20,000 cubic metres of water for 
five weeks. The ferric sulphate introduced is converted into per- 
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oxide of iron by the salts of the alkalies and alkaline earths always 
present in polluted waters, and this precipitates, carrying with it all 
matters in suspension, the fats, the albuminoid substances, the colour- 
ing matters and the soluble sulphides which are fixed by the iron 
and transformed into insoluble sulphide of iron. The major part 
of the organic matter in solution and the majority of the microbes 
are carried down by the precipitate. We have already given some 
data on the process. 

Comparative experiments with the lime process on the Espierre 
water gave the following results : — 
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gr. 

gr 

gr. 

gr- 

gr 

gr 

Dry residue per litre 

Mineral residue 

Fats 

Organic matters in solution 
(taken as oxalic acid) 

5*75 

1*95 

2*o8 

3*90 

2 go 

2 10 

I 80 

3 20 
072 
1*10 

1 65 

0 99 

I 06 

0 91 

1*35 

1*20 

0*22 


0 86 

0*12 

Alkalinity (CaO) 

Weight of dry precipitate per 
litre 


0 80 

Neutral 

— 

0 26 

Neutral 

1 

0 96 

429 

— 

3 03 

1*90 


The water runs off clear, colourless and odourless, and is neutral 
or only slightly acid. The sludge deposited after the ferric sulphate 
treatment, after being spread over the soil and dried, has the follow- 
ing composition : — 


Water , 

Mineral residue 
Fats 

Nitrogenous organic matters 


20 90 
30 63 
30 00 
1 8*00 


99 53 

The fats are extracted with bisulphide of carbon. They are 
composed of the fatty matters from wool, soap and household fats 
After this treatment a powder remains which contains 3 per cent, 
of nitrogen. The fats may be distilled with superheated steam. 
Products are obtained in this way which can be used in soap and 
candle-making or as lubricants To deal with the Espierre water 
an average of i kilogramme of ferric sulphate must be used per 
cubic metre. This reagent is prepared with roasted pyrites, an 
abundant by-product in many industries, by treating the pyrites 
with sulphuric acid of 66° B. After obtaining a thick syrup the 
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whole is heated for several hours at from 100° to 150° C., and in 
this way a dry powdery mass is obtained, which, taken up with 
water, gives ferric sulphate solution. 

Solution of the Question of the Purification of Espierre Water i 
Application of Delattre’s Process, — ^The international problem of 
purifying the waters of the Espierre, which is of great interest to 
the French and Belgian Governments, and to the towns of Roubaix 
and Tourcoing, began to be considered an insolvable problem. After 
many years and long series of experiments the interested towns 
of Roubaix and Tourcoing have decided to adopt the process of 
M. J. Delattre, as a result of most conclusive trials. 

An agreement between the towns of Roubaix and Tourcoing was 
entered into in 1899, by which Delattre agreed to purify 100,000 
cubic metres of water per day and to put down a plant at his 
Grimonpont works in order to obtain this result. 

The two towns of Roubaix and Tourcoing agreed to find 270,000 
francs per annum, and M. Delattre will be allowed an annual 
subsidy of 365,000 francs for the undertaking. This subsidy will 
cease to be granted as soon as it is proved that by treating the 
residuary waters with a view of obtaining vitriol a sufficiently re- 
munerative result is obtained. 

We have already described minutely in a paragraph relative to 
the purification of soapy waters at the works producing them the 
process of purifying the effluent of the wool-works at Dorignies les 
Douai by sulphuric acid. Delattre intends to apply this process on 
a large scale in purifying the Espierre water. A slight modifica- 
tion, however, will be introduced in the recovery of the fats. At the 
Grimonpont works this will be effected in one operation instead of two 

The two processes, pressure and extraction, will be advantage- 
ously replaced by a single treatment aiming at extracting the fats with 
benzine with a subsequent recovery of the benzine from the liquid 
sludge. The suintine fats, the sludge cakes and the vitriol will give 
three residuary products which will yield a large profit. The Franco- 
Belgian question of the purification of the Espierre waters, which has 
been brought before the Chamber of Deputies, and which, outside 
the question of its high technical importance, is deeply interesting 
from the point of view of the public health, has thus been resolved. 

(C.) UTILISATION OF THE RESIDUE FROM THE PURIFICATION OF 
SOAPY WATERS AND EXTRACTION OF THE FATS. 

The fats extracted from soapy residuary waters can be utilised 
in candle and soap-making and in the manufacture of lubricants. 
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At the works of M. SoufFrice at Saint-Denis the fats extracted 
from residuary waters and from the scum of the same are very 
advantageously treated. It is difficult to use the fats from the 
effluent of wool-works or from the Espierre water in soap-making 
because of the presence of cerotic acid. Nevertheless after purifica- 
tion they may be used in soap-making, and this is facilitated by 
mixing them with fresh fat. A soap known as savon de bronze^ for 
instance, is made by mixing the recovered suintine with tallow 
and resin. At Holden's works the cerotic acid is isolated from the 
other fatty acid and the oleic and stearic acids are saponified in a 
pressure kier. 

Trials with Rohard's process show that melted suint sometimes 
retains as much as lOO times its volume of sulphuretted hydrogen. 
This fat undergoes a modification of its constitution^ and moreover 
the carbonate of soda will be decomposed instantaneously, and this 
allows the fat to be saponified in less than half an hour with a 
cold solution of carbonate of soda. Outside the question of the 
value of the fats extracted, the residue, m the form of sludge cakes, 
can be used in agriculture, and are of value according to their rich- 
ness in nitrogenous matter. 

In the extraction of the fats, bisulphide of carbon may very 
advantageously be replaced by gasolene. Working with the ex- 
hausting apparatus of Donard and Boulet, gasolene is used without 
danger. The essence is distilled by steam in a closed vessel, then 
condensed, and after extracting the fat very thoroughly it is re- 
covered almost without loss and may be used again 

This apparatus is shown in fig. 123, and consists of twin-boilers 
A and h! and two extractors B and B'. 

Two large double pipes E and E' connect each extractor with 
the boiler below it. The extractors B and B' are charged with the 
matter to be exhausted, the boiler A contains the gasolene, water 
and oil from a previous operation 

The taps F, H, J are turned on, and after shutting the taps 
F', H', J' the steam jet S is turned on. The essence distils and 
rises in the tube E, then on turning on the tap U cold water circu- 
lates in the flat coil T, and the essence condenses. 

The taps F, H, J being open, and F', H', J' shut, steam is turned 
on by the jet S'. The essence distils, rises in the pipe, and is 
condensed on the coil T by turning into it cold water by means 
of the tap U. The condensed essence falls in a hot ram over the 
matter, and extracting the fats carry them away with it. After 
re-cooling in the coil G, in the boiler A, the essence is recovered 
from the fat by turning steam from the jet V into the coil T. 
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The boiler B and the extractor A are cleared out, and the 
spent material is generally used as manure Then the work is 
carried on as before on the matter to be exhausted of fat in the 
extractor B'. The recovery of the benzine leaves only a slight 
loss, put at about *25 per cent, of the benzine for every 100 kilo- 
grammes of matter treated. 

A recent improvement in the apparatus of Donard and Boulet 



is shown in fig. 122. It consists in using three boilers, which allows 
the product of the exhaustion to be turned into the middle one, 
and in this way the fats are extracted by a continuous process 
which doubles the working capacity of the apparatus It follows, 
therefore, that the size of the apparatus may be diminished. 

In the process of purification by lime, this reagent may be 
recovered from the calcined sludge and used again. The calcina- 
tion of the sludge from divers sources yields an illuminating gas 
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Fig, 123. — Donard and*Boulet’s fat extractor 





PURIFICATION BY CHEMICAL PROCESSES. 2 g 7 

with a lighting power superior to that furnished by the Paris Gas 
Company. 

M. Durand Claye calculated, at the Clichy Laboratory, the 
illuminating power of gas extracted from the stagnant sewer waters 
of the Clichy collector. According to his analysis, the composition 
of the gas obtained was : — 


Hydrogen 72 88 

Carbonic acid 13*30 

Oxide of carbon 2*54 

Sulphuretted hydrogen 6*70 

Nitrogen and other matters 4 58 


100 00 

The specific gravity of this gas was 0*92. It had a good light- 
ing power and its composition proves it to be very similar to coal 
gas. It will be seen that the sludge from residuary waters can be 
turned to profit, particularly those from woollen factories and from 
the Espierre water. Experiments have been made at the gas- 
works at Tourcoing by M. Barrois, the director, on the limy sludge 
from the Espierre. According to the analysis of M Garreau, a 
professor at the Lille University, this sludge contains — 


Organic matter precipitated on settling 12 Si 

,, „ „ chemically 16*27 

Precipitable mineral matters 23*46 

Sludge dried by evaporation 47 46 


100 00 

The mineral matters in this sludge were oxide of iron, sand, 
chalk and alumina. A ton of this sludge, dried, gave 200 cubic 
metres of gas, with a lighting power of 1*36 as compared with the 
Paris gas, the latter being taken as the unit. In addition to lighting 
gas, ammoniacal products and tar are obtained in the distillation 

Finally, a lightly phosphated powder remains in the retorts 
which may be used as a fertiliser and sells at 2 centimes the 
kilogramme. This powder contains phosphates, potash, a little car- 
bonate of soda and lime. After extracting the utilisable matters, 
the fats, etc., the residue is usually employed as manure. It is dried 
in ordinary stoves, or better still in a rotary apparatus drying solid 
matter in a vacuum, as for instance that of Donard and Boulet, 
which allows the process to be carried on rapidly and economically. 

This apparatus consists of a horizontal cylinder A in bearings 
G on hollow axles giving access by the stuffing-box D to the 
steam for heating purposes, and for the purpose of clearing out 
after work. The steam is sent into a vertical circular chamber H 
formed by the left side of the cylinder and provided with cogs E to 




Pig, 124 —Donard and Boulet’s vacuum drying apparatus. 
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rotate it, A series of horizontal tubes, B, inserted through this side 
of the cylinder and shut at the other end, provide a large heating 
surface, estimated at about 50 square metres. At the other end of 
the cylinder a pipe puts the hollow axle in communication with a 
double effect vacuum pump. The vapour from the treated matters 
is carried out by the stuffing-box D", and the matters are put in at 
the manhole C. 

In the course of the fourth part of this work, relative to residu- 
ary waters, we had the occasion to examine the utilisation of certain 
residuary products, and in particular the substances recovered from 
the waters of woollen factories. We noted that the process of 
Maum6n^ and Rogelet by calcination of these residues obtained 
from 70 to 80 per cent, of pure carbonates and lighting gas with a 
strong illuminating power. 

The use of oil of acetone in Switzerland for denaturising spirits 
of wine,^ suggested to A. and P. Buisine the idea of manufacturing 
this product on a large scale in order to allow its applications to be 
increased. 

Acetone oil is a mixture of ordinary acetone, methyl acetone, 
methyl propy ketone and other higher cetones. To obtain acetone 
oil, the wash liquors of wool in suint are allowed to ferment for 
a few days in tanks. Carbonate of ammonia and volatile fatty 
acids such as acetic, propionic and butyric acids are thus formed. 
The ammonia is driven off by boiling the liquid which is then 
soured with sulphuric acid, and heated with a jet of steam to obtain 
the volatile acids These acids are saturated with lime and after 
evaporation distilled to dryness. After several rectifications the 
distillation product gives 60 per cent, of methyl acetone boiling at 
81° C A litre of fermented liquor yields 20 grammes of volatile 
acid. 

One cubic metre of scour liquors from the wool factor}’’, marking 
I C B., gives 1 5 litres of acetone oil. Carbonate of potash is ob- 
tained without any difficulty from the residues of the distillation 


^ That IS to say methylated spirits — Tr. 



PART V. 


ANALYSIS 

Useful hints as to the troubles which may result from the use of 
particular waters for industrial purposes, and as to the remedies 
which may be efficaciously applied, can be gathered by the deter- 
mination of the substances contained in the water. Water should 
therefore be tested qualitatively for all the different substances which 
it may contain, and particular attention should be paid to those 
bodies which may have a good or bad influence according as to 
whether they are contained in the water in greater or smaller 
proportion. 

The analysis may be made by the hydrotimetric (volumetric) 
method, which is easy to use, as little apparatus is necessary and 
the operations are simple. Hydrotimetric analysis is used particu- 
larly to test for certain salts, such as those of the alkaline earth ; 
and in order to complete the information which the manufacturer 
should have concerning the water he uses, we will describe in a 
third chapter the methods of analysis by which he can ascertain 
the proportion of the principal bodies contained in the water. 

Sometimes in analysing water, the results furnished by the 
hydrotimetric method are checked by testing the water for each 
particular substance in the manner about to be described. 

The Use of Distilled Water in Analysis. — It is necessary in 
analysing by any method, to make use of chemically pure water. 
It will be understood that if reagents be prepared with impure 
water or one that is not absolutely chemically pure, the impurities 
of this water will be discovered in the subsequent tests and mislead 
the analyst. In the same way the result of a quantitative analysis 
will be misleading, and in hydrotimetric analysis the figures for the 
water will be put too high. 

We will show, therefore, the especial precautions to be taken in 
order to obtain chemically pure water by distillation. The water 
distilling apparatus, made on Egrot’s system, may be used in the 
laboratory and in distilleries where the purity of water is an impor- 

(300) 
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tant factor in the dilution of alcohol. The Egrot apparatus Is 
especially used in the manufacture of mirrors. 

The water to be distilled is put into a copper boiler lined with 
pure tin. A steam coil transforms the water into steam, which 



Fig 125 — Egrot’s still 

rises into a pipe and is condensed in the distilled water cistern 
Neither impurities nor uncondensed water can pass over. 

This apparatus, producing from 25 to 1,000 litres of distilled 
water per hour according to size, acts automatically The level of 
the water in the boiler is kept constant by a supply which is used 
to cool the steam and therefore is hot when it reaches the boiler. 



CHAPTER XXV. 


QUALITATIVE ANALYSIS OF SUBSTANCES IN SOLUTION IN WATER. 

The substances most frequently found in water are •— 

Sulphuric, carbonic, hydrochloric, sulphurous, silicic, nitric and 
nitrous acids. 

Potash, soda, lime, magnesia and ammonia. 

Organic matters and divers matters in suspension 
The acids are usually combined with the bases, forming salts 
which are generally in solution in the water. In addition to the 

^ metals, 

the salts of which are poisonous, copper, lead and arsenic are also 
sometimes found in water. 

The presence of these poisonous salts renders the water unfit 
for certain manufactures, and in particular for the preparation of 
beverages, such as beer, cider and mineral waters, and m ice- 
making^ All the above substances which may be contained in 
water should be tested for by qualitative analysis 


I. Qualitative Tests for the Acids. 

presence of sulphates in water a 
little of the water IS put into a test tube, and a few drops of hyd;o! 

T 'Chloride of barium IS 

added rop by drop If the liquor becomes turbid and a white 
precipitate forms, the water contains sulphates in solution. 

The white precipitate is sulphate of barium, formed by the 
following reaction * — ^ 

Bad, + H.SO. - BaSO, + 2 HCI. 

The more abundant it is, the more sulphate the water contains 

““ of of the water iil 

Sulphate of barium is insoluble in acids, consequently when an 
excess of hydrochloric acid is added, if it is really slhate of 
barium the precipitate should remain undissolved 

(302) 
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Carbonates and Carbonic Acid. — If the water contains bicarbo- 
nate or free carbonic acid, on the addition of a little lime water 
a white precipitate is formed. This white precipitate of carbonate 
of calcium is formed by the following reaction : — 

CO, + Ca(OH)2 = CaC 03 + HoO. 

On adding an excess of carbonic acid, or on pouring some 
seltzer water into the test tube containing the precipitate, it dis- 
appears, as it is soluble in an excess of carbonic acid. The pre- 
cipitate is* also soluble in hydrochloric acid. 

When water contains carbonate of calcium, the addition of a 
little tincture of logwood produces a reddish-violet colour. This 
colour is lighter or darker according as the water contains more or 
less carbonate. 

Chlorides. — A little of the water to be examined is put into a 
test tube and a few drops of nitrate of silver are added. If a white 
precipitate is produced when ammonia is added until the solution 
is quite alkaline, the precipitate formed is chloride of silver : — 

AgNOg + HCl = AgCl + HNO3 

The formation of the chloride of silver of course shows that 
chlorides are present. 

Nitrates. — A test for nitrates in water can be made with sul- 
phate of diphenylamine This reagent is prepared by dissolving 
one-tenth of a gramme of diphenylamine in ten cubic centimetres 
of pure concentrated sulphuric acid, free from nitrous fumes. The 
test for nitrates in the water is made in the following manner. 
About a dozen drops of the reagent are put into a porcelain dish, 
and over this the water to be tested is allowed to fall drop by drop. 
Care must be taken to avoid an excess of the water, which would 
cause the coloration to disappear. As a rule the maximum amount 
of water added is half the volume of the reagent If the water 
contains nitrates a very distinct blue coloration is produced. By 
this test one milligramme of nitrate in a litre of water can be 
detected. 

In testing for nitrates brucine may also be used. This test will 
detect from i to 2 milligrammes of nitric acid in a litre of water by 
the pink coloration formed. 

In using brucine 5 or 6 drops of the water to be tested are put 
into a porcelain dish, and then the same bulk of brucine solution, 
and finally about l S drops of sulphuric acid, drop by drop. If a red 
coloration is produced the water contains nitrates. 

The solution of brucine is prepared by dissolving i centigramme 
of brucine in 30 cubic centimetres of distilled water. 
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Nitrites. — When a water contains nitrites it proves to begin 
with that it is badly aerated. The presence of nitrites in water may 
be discovered by the aid of a solution of metaphenylene -diamine 
prepared as follows * — 

Five centigrammes of metaphenylene-diamine are dissolved in 
lo cubic centimetres of distilled water, to which a few drops of pure 
sulphuric or hydrochloric acid have been added. This solution 
should be prepared immediately before use as it keeps badly. 

In testing for nitrites about 20 cubic centimetres of the water are 
taken and half a cubic centimetre of the reagent is added. The 
presence of nitrites is shown by a reddish yellow coloration. The 
quicker this appears, and the darker it is, the more nitrites there 
are in the water. This reaction allows the presence of i milligramme 
of an alkaline nitrite to be detected in a litre of water, and this 
small amount gives a very appreciable yellowish colour. In this 
reaction nitrous acid is produced and the metaphenylene-diamine 
is transformed into Bismarck brown, or tri-amido-azobenzene. The 
presence of nitrites may also be tested for with sulphanilic acid. 
In this test 10 cubic centimetres of the water are put into a test 
tube and a drop of very pure dilute sulphuric acid is added, then a 
drop of a saturated solution of sulphate of naphthylamine. 

If the water contains nitrites, a coloration is produced turning 
from pink to ruby red. The coloration forms with more or less 
rapidity according to the proportion of nitrites present. 

Water containing i milligramme of nitrite per litre gives a very 
apparent pink coloration Tromsdorff s process, which is very much 
used, detects the presence of nitrites in water by a blue coloration 
which is more or less intense according to the proportion of nitrites 
present 

About 20 cubic centimetres of the water to be examined are put 
into a test tube, and 2 cubic centimetres of Tromsdorffs reagent 
with from 4 to 5 cubic centimetres of dilute sulphuric acid are added* 

If the water contains nitrites there is a blue coloration in the 
liquid owing to the formation of iodide of starch. 

Tromsdorff s reagent is prepared with ; — 

Chloride of zinc 20 grammes. 

Starch 5 „ 

Distilled water ....... 100 cubic centimetres. 

The whole is boiled together for six hours, adding distilled 
water from time to time to replace the evaporated water. 

After cooling, 2 grammes of iodide of zinc are added and the 
whole is brought up to i litre. The reagent is left to settle for 
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twenty-four hours, then decanted and kept in a bottle of yellow 
glass in a dark place. 

Sulphocyanides. — Waters are sometimes polluted by the in- 
filtrations from gas-works. These waters contain sulphocyanides, 
and the presence of these very poisonous bodies makes the water 
totally unfit for use in several manufactures, and especially in the 
preparation of beverages, such as cider, beer and mineral waters, 
and of course in the making of ice. 

To test for sulphocyanides in a water supposed to contain them, 
the water is concentrated by boiling, then filtered, and a few drops 
of hydrochloric acid are added and a little perchloride of iron 
solution. If sulphocyanides are present, a red coloration will 
appear, more or less intense according to the proportion of the 
sulphocyanides present 

Sulphides. — The presence of sulphuretted hydrogen, free or 
combined, can be detected m water with nitrate of lead. 

If a brown coloration is formed on adding a few drops of nitrate 
of lead solution to the water it contains sulphides : — 

Pb (NO3), + H,S = PbS + 2HNO3. 

The free sulphuretted hydrogen also makes its presence known 
by the characteristic odour of stale eggs which it emits. 

By making the following test it can be ascertained whether the 
water contains free sulphuretted hydrogen or sulphuretted hydrogen 
combined, that is to say a sulphide A flask is half filled with the 
water to be tested The flask is then stoppered w ith a cork with 
a hole cut through it. Over the hole is placed a strip of paper 
steeped first in a solution of acetate of lead and next in a solution 
of carbonate of ammonia. After having shaken the flask, if the 
paper does not turn blown the water contains no free sulphuretted 
hydrogen. A few drops of a solution of nitrate of lead are added 
to it. If there is a brown precipitate the water contains a sulphide 
N itro-prussiate of soda is also a test for sulphides With a solution 
of this, the water takes a violet coloration, which disappears gradu- 
ally. Free sulphuretted hydrogen does not give this coloration 
with nitro-prussiate of soda. 

Phosphates. — To test for phosphoric acid, 25 cubic centimetres 
of the water to be tested are put into a test tube and acidulated 
with nitric acid, then the volume of the water is reduced to a half 
by boiling. It is then filtered. Into another test tube 2 centimetres 
of this boiled-down water are treated with from 6 to 7 cubic centi- 
metres of a solution of molybdate of ammonia. The solution in 
the test tube is raised to a temperature of from 35 to 40*" C., and if 

20 
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a yellow precipitate then falls down it contains phosphates in solu- 
tion. The precipitate formed is phospho-molybdate of ammonia 
and is more or less rapid in formation according to the quantity of 
phosphates present 

Silicates or Silicic Acid. — The test for these is made by evapor- 
ating 500 cubic centimetres of the water to dryness in a porcelain 
capsule, first acidulating it with hydrochloric acid. 

To the residue thus obtained a few drops of hydrochloric acid 
are added, then a little water, and it is filtered and the precipitate 
retained by the filter paper is well washed with distilled water. 

The precipitate is then calcined and if silica is present in the 
water a white powder is thus obtained This may be dissolved 
completely in hydrofluoric acid by evaporating it in the acid several 
times over. 

2. Qualitative Tests for the Bases. 

The presence of lime may be detected in water with oxalate of 
ammonia. About 50 cubic centimetres of the water are put into a 
test tube and 2 or 3 drops of ammonia, and then 2 or 3 cubic centi- 
metres of a 10 per cent, solution of chloride of ammonia, and finally a 
few cubic centimetres of a 10 per cent, solution of oxalate of ammonia 

The whole is allowed to settle, and if a white precipitate, in- 
soluble in acetic and oxalic acid, but soluble in hydrochloric and 
■nitric acid, is formed, the water contains salts of lime, and the 
precipitate is oxalate of calcium. 

Magnesia. — To ascertain if a water contains salts of magnesia, 
the test is made as in the case of lime already described If a 
precipitate of oxalate of calcium is formed the solution is filtered 
and the test for magnesia is made on the filtrate. To the filtrate a 
few drops of phosphate of soda are added. The solution is stirred 
up quickly with a glass rod, and allowed to settle for twelve hours 
or so. If a crystalline white precipitate forms, this proves the 
presence of magnesia The precipitate is a phosphate of magnesia 

Ammonia. — To test for ammonia free or combined about 50 
cubic centimetres of the water are put into a porcelain capsule, 
acidulated with a few drops of hydrochloric acid, then almost 
completely evaporated. This is then poured into a test tube, and 
about I gramme of pure lime is added. A piece of red litmus 
paper moistened with distilled water is then put loosely in the mouth 
of the test tube. 

The test tube is then carefully warmed. If the water contains 
ammonia or ammoniacal salts the litmus turns blue : — 

2NH4CI -h Ca(0H)2 - CaClg + NH3 -f- 2H2O. 
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The characteristic odour of ammonia, moreover, is given off. 

A test for ammonia may also be made with Nessleris reagent. 

About 5 cubic centimetres of this reagent are put into 50 cubic 
centimetres of the water to be tested, and the whole is shaken up. 

If the water contains ammonia, a reddish coloration is produced, 
depending as to its intensity upon the amount of ammonia in the 
water. Nessler’s reagent is prepared by dissolving 25 grammes of 
iodide of potassium in 25 cubic centimetres of hot water, then a 
hot saturated solution of bichloride of mercury is made and added 
to the iodide until the red precipitate of iodide of mercury thus 
obtained no longer dissolves. The liquid is then filtered while still 
hot. A solution of 75 grammes of caustic potash in lOO cubic 
centimetres of distilled water is added to it, and the whole is brought 
up to 500 cubic centimetres with distilled water, finally a little more 
of the solution of bichloride of mercury is added. It is allowed to 
settle, the clear liquid is decanted and Nessler's reagent thus ob- 
tained is ready for use This reagent must be kept in the dark 
in a well -stoppered bottle. 

Soda and Potash. — To test for the presence of the salts of the 
alkaline metals, sodium or potassium, 50 cubic centimetres of the 
water to be tested are put into the test tube and a solution of baryta 
is added in excess. The carbonate of lime in solution in the water 
is precipitated, and also all the metallic salts, with the exception of 
the salts of the alkalies and of the alkaline earths The liquid is 
then filtered, and the sulphate of calcium, chloride of calcium to- 
gether with the excess of baryta in the filtrate, is precipitated with 
carbonate of ammonia. The liquid is filtered, evaporated to dry- 
ness, and the residue calcined in order to drive off the salts of 
ammonia. 

The test for the salts of sodium and potassium is made on this 
calcined residue. It is taken up with distilled water and the salts 
of potassium and sodium being all soluble in water are dissolved. 
The liquid is then divided into two portions. The one is tested 
for sodium, the other for potassium. 

Sodium. — If the water contains a salt of sodium, on adding acid 
pyro-antimoniate of potassium (bi-meta-antimoniate of potassium) 
to one of the portions of the water, a crystalline white precipitate 
is formed which however takes some time to appear. 

Potassium. — To the other portion of the liquid, concentrated as 
much as possible, chloride of platinum is added. If a yellowish 
precipitate is obtained the water contains a salt of potassium. This 
yellow precipitate is a double chloride of platinum and potassium. 
The presence of potassium may also be shown by adding to the 
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water a very concentrated solution of sulphate of alumina. If 
a crystalline white precipitate is obtained, potassium is present 
and the precipitate is alum, that is the double sulphate of aluminium 
and potassium. 

On adding acid tartrate of soda to the water a crystalline white 
precipitate of cream of tartar, that is acid tartrate of potassium^ 
shows the presence of potassium. The formation of the precipitate 
is facilitated by shaking the test tube. 

3. Qualitative Tests for the Metals. 

Iron. — To detect the presence of iron in water, 20 cubic centi- 
metres of the water to be tested are put into a test tube, a few 
drops of nitric acid are added, and the liquid is concentrated by 
boiling. After it has completely cooled, a few drops of a solution 
of sulpho-cyanide of ammonium are added. If the liquid turns red 
the water contains iron. If in place of the sulphocyanide of potas- 
sium ferrocyanide of potassium is added, a blue coloration is 
obtained if the water contains a salt of iron. The red and blue 
colorations are the more intense as the water contains more iron. 

Lead. — The presence of lead or of a salt of the metal is detected 
in water by filling a series of test tubes with the water to be tested 
and adding the following reagents On the addition of sulphuretted 
hydrogen the presence of lead is shown by a black precipitate 
insoluble in hydrosulphate of ammonia. 

Hydrosulphate of ammonia gives a black precipitate insoluble 
in an excess of the reagent. Iodide of potassium gives a yellow 
precipitate soluble in an excess of iodide of potassium or in potash. 
Chromate of potash gives a yellow precipitate soluble in potash 
and insoluble in dilute nitric acid. 

Copper. — Copper shows its presence by the following reactions. 
Sulphuretted hydrogen produces a black precipitate. Ferrocyanide 
of potassium gives a reddish-brown precipitate insoluble in hydro- 
chloric acid. This test is a very delicate one Ammonia gives a 
blue coloration. In testing for copper the water should be concen- 
trated by boiling to commence with 

Zinc. — As in searching for copper, the water should first be 
concentrated by evaporation. A few drops of hydrochloric acid 
are added. A current of sulphuretted hydrogen is passed through, 
then a little ammonia is added, and if zinc is present a white pre- 
cipitate of the sulphide forms : — 

ZnClg + HgS - ZnS 2HCi. 

With hydrosulphate of ammonia the same white precipitate 
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of sulphide of zinc is obtained if ammonia is first added to the 
water until it smells strongly of it. The sulphide of zinc obtained 
is soluble in hydrochloric acid, and insoluble in an excess of hydro- 
sulphate of ammonia If the water is concentrated, on adding 
potash or ammonia a white precipitate, soluble in an excess of the 
reagent, shows the presence of zinc 

Arsenic. — A little nitric acid is added to the water to be tested, 
and it is evaporated to dryness. The residue thus obtained is taken 
up with sulphuric acid and then calcined in order to drive off the 
nitric acid 

After cooling, the residue is taken up with distilled water and 
put into a Marsh apparatus, that is to say simply a flask containing 
chemically pure granulated zinc with a tube fitted into the cork to 



Fig 126 — Marsh test for arsenic 

allow sulphuric acid to be added, and an arrangement as shown in 
fig. 126 to lead off the hydrogen evolved. The hydrogen gas is 
lighted after it has been allowed to flow for a few minutes in order 
to clear the air out of the apparatus If there is arsenic in the 
water, it combines with the hydrogen and arsenuretted hydrogen is 
evolved. 

If the flame of a spirit lamp be held to the tube say at a the 
metallic arsenic is freed from the gas and deposits on the cool part 
at b This deposit on treatment with nitric acid, then with acetate 
of silver, gives a brick-red precipitate of arseniate of silver. 

The gas flame from the Marsh apparatus is livid if there is 
arsenic in the water. If a porcelain dish be held against it, the 
flame thus burning with less oxygen, a black mirror of metallic 
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arsenic is left upon it. If arsenic is present when the gas is bubbled 
through a solution of a salt of silver or copper, a black precipitate is 
produced. 

4 . Test for Organic Matters. 

A water containing organic matter reduces chloride of gold, and 
metallic gold is precipitated as a brown powder To make this test 
the water is boiled for a short time, with a few drops of a solution of 
chloride of gold. The presence of organic matters is detected by a 
brown coloration. Organic matter may also be detected with per- 
manganate of potassium. When a solution of this is added to the 
water, drop by drop, if the pink tint produced disappears, organic 
matter is present. The decolouring action however is variable, ac- 
cording to the nature of the organic matters. Certain substances, 
such as gum, urea and sugar, act in a very incomplete manner on 
the permanganate, and on the other hand certain bodies which 
are not organic substances, such as sulphuretted hydrogen, nitrites, 
ferric salts, etc, also have a decolouring effect upon the perman- 
ganate. The use of this reagent alone, therefore, might be mis- 
leading, and other tests must be made. The organic matters are 
often in a state of decomposition in the water and their presence 
is then indicated by the odour of sulphuretted hydrogen which it 
emits. This gas may also be put in evidence by the black colour 
which forms when a few drops of a solution of protoxide of lead in 
caustic soda is added to the water. This coloration is due to the 
formation of a precipitate of sulphide of lead 



CHAPTER XXVI. 

HYDROTIMETRIC ANALYSIS. 

Hydrotimetric analysis allows the water to be tested rapidly, 
and shows first its number or degree, that is to say the place it 
occupies in the volumetric scale of waters, secondly its hardness, 
that is to say the proportion of earthy matters which it contains. 

The soap test also gives information as to the suitability of a 
water for manufacturing use or for household purposes, such as 
cooking 

Clarke’s soap test is based on the fact that the hardness of a 
water is proportional to the mineral salts which it contains, and the 
quantity of these present may be determined by the amount of 
soap solution which must be added to the water before a lather can 
be produced. Boutron and Boudet, by developing this principle, 
have invented a rapid method of hydrotimetric analysis. This 
method is based on the fundamental fact of the production of a 
lather by soap in pure water, and on the obstacle which is put 
in the way of the production of this lather by the transformation of 
the soap used into insoluble compounds. If a few drops of a solu- 
tion of soap in alcohol are poured into a flask containing distilled 
water and the flask is shaken, a persistent lather is at once obtained. 
If the experiment is repeated with a water containing salts of 
lime or magnesia, the lather is only produced when the action of 
these salts has been neutralised, and for this a quantity of tincture 
of soap must be used in proportion to the amount of the salts 
present It will be seen that this furnishes a method of analysis 
This method allows the quantity of the salts of lime and mag- 
nesia contained in the water to be ascertained, that is to say the 
total hardness or the hydrotimetric degree. The permanent hard- 
ness of a water may also be ascertained by finding the hydroti- 
metric degree after boiling the water to be examined. Finally, 
the temporary hardness of a water is the d^ee obtained by calcu- 
lating the difference of the numbers indicating the total hardness 
and the permanent hardness of the water. 

( 3 ”) 
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In determining the permanent hardness, after having precipi- 
tated the carbonate of calcium, and driving off the carbonic acid 
gas by boiling, on cooling it must not be forgotten that the water 
must be brought to its first level by the addition of distilled water 
before determining the hydrotimetric number. 

I. Solutions and Apparatus. 

The following solutions are used in hydrotimetric analysis . — 

1. A standard solution of soap. 

2. A solution of chloride of calcium. 

3. A solution of oxalate of ammonium 

The Standard Soap Solution — This is prepared by dissolving • — 

Grammes 

White Marseilles soap 100 

In go® alcohol . 1,600 

The spirits of wine are boiled to dissolve the soap, filtered to 
separate out any foreign matter, and 1,000 grammes of distilled 
water are added to the filtrate. This should give 2,700 grammes of 
liquor, with a volumetric number very near to that aimed at It is 
preferable to use in the place of the Marseilles soap a medicinal 
preparation known as amygdaline soap. This immediately fur- 
nishes a liquor with the desired volumetric number, 22. The 
numerous and variable impurities found in Marseilles soap have 
often led to inaccuracies in analytical results. M. Courtonne 
suggests that the analyst should manufacture his own soap from 
the following recipe * — 

Boil in a flask — 

Cubic centimetres 

Olive oil or oil of sweet almonds 30 

Caustic soda of 36° B 10 

Alcohol 10 

After a few minutes the soap is formed and is dissolved by add- 
ing 900 cubic centimetres of alcohol of 60° 

The flask is shaken up a few minutes, the contents filtered, and 
after cooling the solution is brought up exactly to i litre with 60° 
alcohol If the work has been properly done the number of this 
liquor should be exactly 22. 

Solution of Chloride of Calcium. — This solution is prepared by 
dissolving one-quarter gramme of chloride of calcium in i litre of 
distilled water It is preferable to prepare solutions containing 
equivalent quantities of the chloride or nitrate of barium. Errors 
are thus avoided that may arise through the excessive deliquescence 
of the chloride of calcium 

A solution is made containing either *59 gramme of nitrate of 
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barium, Ba(N03)2j per litre, or *55 gramme of chloride of barium, 
BaClgSH^O, per litre of distilled water. 

Solution of Oxalate of Ammonia. — A solution of oxalate of 
ammonia is prepared by dissolving i 
•gramme of oxalate of ammonia in 60 
cubic centimetres of distilled water 

Hydrotimetric Burette. — The liquor is 
tested and the different numbers of the 
water are determined by the aid of an 
apparatus known as a volumetric burette. 

This burette is graduated so that from the 
point marked o in fig. 127 to the mark 
22 it contains two and four-tenths cubic 
centimetres divided into 23 equal parts. 

The divisions of the burette in tenths 
of a centimetre are equal from top to 
bottom. 

The division between the top mark 
and that immediately below indicates the 
quantity of standard soap solution neces- 
sary to produce a persistent lather with 40 
cubic centimetres of distilled water. 

Zero is marked below the first division, 
and each division represents one hydro- 
timetric degree, and the number 22 is marked against the twenty- 
third division, counting from the top mark. 

Test Bottle. — The different tests are made in a bottle with an 
•emery stopper and of a capacity of from 60 to 80 
cubic centimetres, gauged by a circular mark at the 
point at which the contents are 40 cubic centimetres. 

Verification of the Standard Soap Solution. — To 
•ensure exactness the standard soap solution should 
be of such a strength that when the burette is filled 
to the circular mark zero it is necessary to pour out 
the solution down to the mark 22 into 40 cubic 
centimetres of the chloride of calcium solution to 
obtain a persistent lather. To make this test 40 
cubic centimetres of one of the solutions prepared as 
already described with chloride of barium, nitrate of barium, or 
chloride of calcium, are poured into the flask with the emery 
stopper to the 40 cubic centimetre mark. Then the burette is 
filled up to the top circular mark with the soap solution to be 
verified. The liquor in the burette down to the division 22 is then 




burette 
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poured into the flask, which is then shaken, and if there is a per- 
sistent lather for about five minutes the soap solution is exact and 
is said to be normal. If the soap liquor indicates a lower degree 
than 22, water is added until the wished-for degree is obtained. 
To diminish the strength of the liquor by i° about one twenty-third 
of its weight in water must be added. The quantity of water to be 
added can be calculated in the following way. If n is the number of 
divisions read on the burette to obtain the persistent lather with the 
soap solution to be proved, the following equation is obtained : — 


from whence : — 


n + 1 _ looo 
23 “ -r 

23000 


To correct the solution the quantity of water added must be 
equal to x - 1,000 cubic centimetres for each litre of soap solution. 

The soap solution thus corrected should pass the test as de- 
scribed above Water may however be tested with a soap solution 
which is not normal. If for instance it is noted that instead of 
22 the soap liquor gives a number /, and if in titrating water to be 
tested it is found that it requires a number q of this soap solution^ 
the real degree may be deducted according to this formula — 

^ ^ + I) - I 

P 

X gives the real number. 

With the normal soap solution, taking into account that 22 of 
the liquor are neutralised by i centigramme of chloride of sodium, 
40 grammes of chloride of calcium containing one-quarter of 
a gramme of CaClg, it may be deduced that 1° of the burette 

corresponds to 000045 of this calcium chloride. 

Consequently each degree of the soap solution being neutral- 
ised by 40 cubic centimetres of chloride of calcium solution con- 
taining one-quarter gramme per litre represents . — 

""^ 22 ^ ” 0’Oii4 of chloride of calcium per litre. 

The burette is graduated in such a way that in operating with 
40 cubic centimetres of a normal solution of chloride of calcium, 
22° of the normal soap solution must be put in to obtain a persistent 
lather. Taking into account the proportion of the soap neutralised 
it will be seen that each degree of the burette corresponds to 0‘i 
gramme of neutralised soap per litre. (The exact figure is 0*106 
gramme.) The graduation of the burette and the composition of the 
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soap solution allow, therefore, in operating on 40 cubic centimetres of^ 
a solution containing any weight of chloride of calcium, the exact 
weight of the calcium and the proportion of soap that it has 
neutralised to be ascertained by the degree at which the persistent, 
lather is obtained. It is easy to understand that by a simple sum 
in proportion the corresponding weight to a degree of the burette 
can be worked out for all the solutions of mineral salts. 

The salts of calcium, magnesium and barium are insoluble in 
the presence of the fatty acids of the soap and their quantification 
can be calculated exactly in the same manner as for chloride- 
of calcium. This allows the different mineral salts contained in 
water to be exactly quantified. 

2. Operations. 

Determination of the Total Hydrotimetric Degree, or Total Hard- 
ness of the Water. — Before the actual test a preliminary trial should 
be made. For this 20 to 25 cubic centimetres of the water to be 
tested are put into a beaker and about i cubic centimetre of the 
soap solution is added. 

After having shaken the mixture for a few seconds, its appear- 
ance IS noted If there are no clots in the water, and it takes simply 
an opaline tint, it is in excellent condition for testing, and this may 
be at once proceeded with. If, on the other hand, clots form in the 
water it shows that it is too heavily charged with the salts of 
calcium and magnesium, and in this case it is necessary in order to 
obtain good results m the test to dilute the water so as to diminish 
the excess of these salts of the alkaline earths and to give the water 
a number inferior to 30 h\ drotimetnc degrees. 

This is done by adding to the water a volume of distilled water 
equal to one, two or three times that of the water to be tested, in 
order to reach a low'er number than 30 degrees. Of course the 
dilution must be taken into account, and the result obtained as hydro- 
timetric number must be multiplied one, two or three times according 
to the volume of distilled water added to the water to be analysed. 

It must be ascertained that the distilled water employed is 
perfectly pure, and the number of divisions of the normal soap 
solution which have to be poured out to obtain the persistent lather 
must be noted If in obtaining this result with distilled water it is 
necessary to pour out more than l°, this must be taken into account. 

In the same way the soap solution must be verified with one of 
the normal solutions of chloride of barium, nitrate of barium, or 
chloride of calcium, as under certain influences the volumetric number 
of this liquor may vary, and therefore falsify the result. 
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Ascertaining the Total Hydrotimetric Degree, — Forty cubic 
ccentimetres of the water to be tried are put into the gauged flask. 

After having filled the hydrotimetric burette with the soap solution 
prepared as indicated, it is allowed to run drop by drop into the water, 
the flask being shaken energetically the while. As soon as a persistent 
lather of half a centimetre or so in height is obtained and lasts for about 
five minutes the operation is stopped and the number of degrees of the 
soap solution used is noted. This number of degrees is the volumetric 
number of the water examined, expressing the state of its purity and 
the number of decigrammes of soap neutralised per litre of this water. 

If, for instance, the number of degrees of the soap solution poured 
out is 25, this proves that the water tested corresponds to 25° of the 
hydrotimetric scale, distilled water corresponding to 0“ of the scale 
Moreover it shows that a litre of this water neutralises 2*5 grammes 
-of soap. Thus an immediate idea of the quality of the water tested 
•can be obtained by comparing its volumetric degree with that of 
the waters in the following table. 

The numbers indicated as corresponding to these waters were 
determined by Boutron and Boudet The hydrotimetric degree 
and the consumption of soap are given in this table 



Hydrotimetric 
dcCTee or total 
hardness 

Consumption of soap 
or loss per litre of 
water before obtain- 
ing a persistent lather 




Grammes 

1 Distilled water 

0 

0 

1 Snow water 


2 5 

0*25 

1 Ram water 


3 5 

035 

1 Water of the Allier at Moulins 

3 5 

0 35 

J) »» 

Dordogne at Libourne 

4 5 

045 


Garonne 

5 0 

0 50 


Loire at Tours 

5 5 

055 

I) I) 

Loire at Nantes 

5 5 

055 

jj j, 

well of Grenelle 

9 0 

0 go 

ji 

artesian well at Passy 

II 0 

I 10 

n 

Soude 

13 5 

1 35 

99 99 

Somme Soude 

13 5 

I 35 

>1 I, 

Somme where it joins the Marne 

14 0 

1*40 

)> It 

Rhane 

15 0 

I 50 

)} ), 

SaCne 

15 0 

I 50 

19 99 

Yonne 

15-0 

1*50 


Seme at the Bridge of Ivry 

15 0 

I 50 


»> J3 3» 

17 0 

I 70 

»> », 

Vanne (divers places) 

18 to 20 

I *80 to 2 


Seme at Chaillot 

23 

2 30 


Marne at Charenton 

23 

2 30 

91 If 

Oise at Pontoise 

21 

2 10 

n » 

Dhuis at its source 

24 

2 40 

tt »» 

Escaut at Valenciennes 

24 5 

2*45 

U I, 

OurcQ Canal 

30 

3 00 

,, of Arcueil 

28 

2 So 

„ „ Pres- Saint- Gervais 

72 

7 20 

„ „ of Belleville 

128 

12 80 
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Quantification of the Carbonic Acid, Salts of Lime, and Salts of 
Magnesia in Water.— To quantify the carbonic acid, the salts of 
lime and the salts of magnesia contained in a water, four operations 
must be carried out. 

1. Take the total hydrotimetric degree of the water in its 
natural state 

2. Take the degree of this water after having precipitated the 
lime which it contains with oxalate of ammonia. 

3. Take the degree after having boiled it in order to drive off 
the carbonic acid and separate out the carbonate of lime. 

4. Finally, take the degree of the water after boiling it and 
precipitating with oxalate of ammonia the salts of lime which have 
not been separated out by boiling. . 

These different operations necessitate ; — 

1 A solution of oxalate of ammonia This is prepared by 
adding i gramme of oxalate of ammonia to 60 
grammes of distilled water. 

2. A glass flask marked round the neck at 
a point which will indicate the volume of the 
contents as 100 cubic centimetres 

. Method of Operation,— i This operation has 
been described already. 

2 When the hydrotimetric degree of the 

water in its natural state is ascertained, a fresh . ^ 

tor h\ drometnc analj sis 

lot of the water is taken and 50 cubic centi- 
metres of it are put into a beaker, and 2 cubic centimetres of 
the solution of oxalate of ammonium are added. After having 
stirred up the liquid well with a glass rod it is left to settle for 
half an hour, and the salts of lime are precipitated in the form of 
oxalate of lime and fall to the bottom The liquid is filtered and 
the water is thus freed from all the salts of lime Forty cubic centi- 
metres of it are taken and the volumetric degree determined. 

3 Next the flask is filled with water up to the circular mark, 
and boiled for about half an hour to separate out the carbonate of 
lime. The boiling must be carefully managed in order to avoid any 
loss of the liquid which would falsify the results of the analysis. 
The water is allowed to cool completely and the flask is filled to 
the circular mark again with distilled water to replace that which 
has evaporated. A cork is then put in the flask and it is shaken 
up well and finally filtered to get rid of the precipitated substances. 
The volumetric degree of this water, boiled and filtered, is ascer- 
tained by taking 40 cubic centimetres of it and using the soap 
solution as already directed. 



Fig 129 — Flask gauge 
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Finally the salts of lime which have not been precipitated in 
the state of carbonate of lime are separated out. In order to do 
■this SO cubic centimetres of the boiled water are taken after making 
good the loss due to evaporation with distilled water. These 50 
'Cubic centimetres of the water are put into a test tube or beaker. 
Two cubic centimetres of oxalate of ammonium are added and the 
liquid is stirred up well with a glass rod. 

Finally the liquor thus prepared is allowed to settle for half an 
hour or so, filtered, and 40 cubic centimetres are put into the flask 
and the hydrotimetric degree is ascertained. 

3 Calculations and Formula. 

Calculation of the Results Obtained. — Use the first four letters 
of the Greek alphabet, a, yS, 7, S, to signify the volumetric numbers 
-corresponding to the figures found m operating on : — 

{a) The water directly 

{_d) The water treated with oxalate of ammonia. 

{c) The water boiled 

(d) The water boiled, treated with oxalate of ammonia 

A correction must be made in the result c obtained with boiled 
water. The carbonate of lime is slightly soluble and is not completely 
precipitated. Boutron and Boudet estimate that 03 gramme of the 
calcium carbonate remain in solution when i litre of the water is boiled 

To correct the results, therefore, 3 volumetric degrees must be 
deducted from the number obtained with the boiled water, so that 
taking 7 as the number found the correction is made by calculating 
the formula 7-3 

Therefore : — 

a represents the sum of the reactions on the soap caused by the 
carbonic acid, the carbonate of calcium, the salts of lime and the 
salts of magnesia in the water analysed : — 

(1) a » CO2 + CaCOg H- any salts of calcium 

+ any salts of magnesium. 

^ represents the salts of magnesium and the carbonic acid which 
remain in the water after the lime is separated out with oxalate of 
ammonium. 

(2) a - y8 = the salts of lime. 

7, making allowance for the correction ^ - 3, represents the salts 
of magnesium and the salts of calcium other than the carbonate. 

( 3 ) ^ “ (7 - 3 ) = CaCOg + CO2, 

'Or : — 


ct - 7 + 3 = CaCOg + CO^. 
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S represents the salts of magnesium contained in the water, as 
by boiling the carbonic acid has been eliminated and the carbonate 
of calcium (almost), and the oxalate of ammonium has separated out 
the salts of calcium. 

(4) S = salts of magnesium. 

Thus we have four equations by which the value of the unknown 
contents of the water can be calculated The carbonic acid is cal- 
culated by deducting the volumetric degrees of the salts of mag- 
nesium and calcium contained in the water from the volumetric 
degree of the water in its natural state, that is to say the difference 
between the equation (i) and the equations (2) and (4). 

Thus for carbonic acid . — 

( 5 ) ^ - [(a - ^) + S] = CO„ 
or : — 

- 8 = CO.. 

As we know, on the one hand, the volumetric degrees correspond- 
ing to the carbonic acid, and on the other the degrees correspond- 
ing to the sum of the action exercised by the carbonic acid and the 
carbonate of calcium by ascertaining the difference between these 
degrees, we shall have the degree corresponding to the carbonate 
of calcium, that is to say the difference between the equations (3) 
and (s) 

Thus — 

(6) a - 7 + 3 - (/3 ~ 8) = CaCO^, 
or : — 

^“7 + 3“^ + ^“ CaCO^ 

Knowing now the volumetric degrees corresponding, on the one 
hand, to the totality of the salts of calcium, and on the other hand 
to the carbonate of calcium, we can calculate the degrees correspond- 
ing to the sulphate of calcium and to the salts of calcium other than 
the carbonate by taking the difference of these degrees, that is to 
say by deducting the equation (6) from the equation (2) 

Thus • — 

(7) a~/ 3 “a + 7- 3 + ^- S^CaSO^, 

or salts other than the carbonate , 

or : — 

ry _ 8 s=s CaS04, 

or sal ts other than the carbonate 

Formulae. The degrees ascertained for the tested water being 

represented by a, /S, 7, 8, for the four different tests with the soap 
solution, the following formulae allow the numbers of the degrees 
corresponding to the different salts to be ascertained : 
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Carbonic acid = $ - S 

Carbonate of lime — a-7 + 3- i8 + S 

Sulphate of lime, or salts other than the carbonate =5 ^ _ 5 
Salts of magnesia = 5 

By the aid of the table below it is easy, by using their formulae, 
to transform the degrees found into weight in the case of the salts, 
and into volume in the case of the carbonic acid 

To do this it is merely necessary to multiply the degree found 
for each substance by the weight or volume of the substance in 
the following table. 

Tad/e of Equivalents tn Weight of i Hydrotimetric Degree per 

Litre of Water 

Lime 

Chloride of calcium 
Carbonate of calcium 
Sulphate of calcium 
Magnesia 

Chloride of magnesia 
Carbonate of magnesia 
Sulphate of magnesia 
Chloride of sodium 
Sulphate of sodium 
Sulphuric acid 
Chlorine 

Soap (50 per cent, solution) 

Carbonic acid 

If the figures found in this table are used with the preceding 
formulae, and, for instance, the water contains lime in the form of 
carbonate and of sulphate and magnesia as a sulphate the formulae 


become . — 



Litre 

Carbonic acid 

= ()8 - 5) 0 005 


Gram 

Carbonate of lime 

= (a-7+3-;8 + 5) 0*0103 

Sulphate of lime 

:= (7 - 5) 0 0140 

Sulphate of magnesia 

= 5 X 0 0125 

Because of the small 

proportion of free carbonic acid in soft 


waters and of the small difference in the proportional numbers of 
the different salts in the water, sulphates of lime and of magnesia, 
and carbonate of lime it results that the hydrotimetric degree of a 
water represents very nearly the weight in centigrammes of the 
mineral salts contained in i litre of the water. If for instance a is 
found to be the hydrotimetric degree of a tested water we can say 
at once that the weight of the mineral salts that it contains per 


Gram. 
•0057 
*0114 
•0103 
0140 
0042 
•oogo 
0088 
0125 
0120 
0146 
*0082 
•0075 
106 1 
Litre 
005 
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litre is very nearly the one hundredth part of the number a, that is 
to say O'Oa. 

Hydrotimetric Analysis with any Graduated Burette and any 
Strength of Soap Solution. — The processes of volumetric analysis 
which have already been described do not necessitate the employ- 
ment of the hydrotimetric burette. 



Fig. 130 — Mohr’s burette. 


Very correct results may be obtained in volumetric analysis by 
using an ordinary burette graduated in tenths of a cubic centimetre 
such as is found in all chemical laboratories, the burette of Mohr 
or that of Gay-Lussac for instance. Moreover the soap liquor need 
not be the standard solution and any strength of soap solution may 
be used. 


21 
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If the number of cubic centimetres of the soap solution neces- 
sary to obtain a persistent lather in distilled water be expressed by 
€, and the number of cubic centimetres necessary to produce the 
persistent lather in the water to be analysed be expressed by 0, 



Fig. 13 1 — Bulb on lower 
part of burette to fit 
on the indiarubbe r 
connection. 


Fig. 132. — Gay-Lussac’s burette 

by expressing b}^ x the corresponding degree found by the aid of 
any burette, we obtain the following formula : — 




115 (226 - e) - 252 
H5 - € - 12 


from whence ; — 
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Let us suppose that instead of using a non-standard soap solu- 
tion we employ a normal solution, that is to say a liquor of such 
a strength that the number e =22°. The above formula is then 
simplified. 

By expressing by Q the number of cubic centimetres of normal 
soap solution necessary to obtain a persistent lather in the tested 
water, and by x the number of hydrotimetric degrees corresponding 
to the number of cubic centimetres of the normal soap solution 
poured out, we obtain the formula : — 

' 230 

= — d - I , 

24 

from whence. — 

= 9‘S833 & - I. 
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QUANTIFICATION OF SUBSTANCES IN SOLUTION IN WATER. 

I. Gases. 

Quantification of Gases Dissolved in Water, — This is done by- 
boiling the water and so eliminating the gas. The carbonic acid 
gas is absorbed by potash. A test flask is completely filled, and 
then stoppered with a cork through which passes a bent glass tube 
leading into a mercury trough. Over the bent end of the tube in 
the mercury is put a graduated test tube. After having filled this 
graduated tube with mercury, the water in the flask is brought to 
the boil. 

During this operation a small quantity of water passes into the 
graduated tube, but this is of no consequence The tube gradually 
fills with gas, and at the end of ten minutes or so when it is noted 
that the flow of gas is stopped, the flask is taken off the gas and 
allowed to cool to the exterior teniperature. The water in the 
graduated tube then returns to the flask. The water must be 
boiled up a second time and even a third, in order to be certain 
that all the gas contained in the water has been driven into the 
graduated tube. 

The gas is then dried by passing it over a little coke impregnated 
with sulphuric acid, then the volume V is read, which represents 
the total volume of the gases contained in the water oxygen, 
carbonic-acid gas and nitrogen 

A solution of potash is then run into the graduated test tube 
with a pipette, ending in a bent tube, and the carbonic acid is 
absorbed — 

CO2 + 2KOH = K2CO3 + HgO. 

The volume of gases, V', read on the graduated tube, represents 
oxygen and nitrogen. 

The oxygen is then absorbed by pyrogallic acid, and the reading 
of the volume of gas, V", represents the nitrogen contained in the 
water. 


(324) 
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The amount of oxygen is ascertained by making the deduction 
V - V". 

V the volume of gases contained in the water. 

V" = the volume of nitrogen. 

V _ Y" = the volume of oxygen. 

These volumes should be corrected to 0° C., and to 760 pressure. 

The volume of the flask and of the tube, leading into the 
mercury trough, is measured by filling them with water and by 
weighing the contents in a tared glass. 

Quantification of Oxygen by Mohr’s Process. — This process 
depends upon the absorption of oxygen by a solution of the 
double sulphate of iron and ammonia known as Mohr’s salt : — 

[FeS0^(NH,)2S0,6H,0.] 



Fig. 133 —Quantification of gas contained in water 


Two solutions are prepared — 

I. A solution containing 39 2 gr fmolecular weight; of the 
double sulphate of iron and ammonia per litre of distilled water. 

•7 A standard solution of permanganate of potassium corre- 
spending volume by volume to the titrated solution of the double 
sulphate of iron and ammonium. This solution contains y 2 gr of 
permanganate of potassium corresponding to the theoretical fomula 
KMnO. A flask stoppered with a caoutchouc stopper pierced 
with two holes is used. Through one of the holes is led a tube to 
supply a current of carbonic-acid gas in order to have no contact 

with the air. 1 j « j 

Next 100 cubic centimetres of the water to be analysed and 

10 cubic centimetres of the standard solution of the double sulphate 
of iron and ammonium are put in, and a little caustic potash solution 
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is added to make sure that the solution is alkaline. The flask is 
well shaken in order to mix the liquors well. A precipitate of 
ferrous oxide falls down, and is transformed into ferric oxide by 
the oxygen contained in the water. It is allowed to settle for ten 
minutes or so : — 

2FeO + O = FcgOg. 

The precipitate of oxide of iron formed is then dissolved in 
sulphuric acid. The iron which has not been peroxidised is then 
quantified with the titrated solution of permanganate of potash. 

A graduated burette is filled with this permanganate solution 
and it is poured into the liquid unbl it takes a pink tint. At this 
point the number of cubic centimetres poured out is noted. If n 
is this number, it represents the quantity of permanganate of potas- 
sium necessary to oxidise the iron which has not been oxidised by 
the oxygen in the water. 

Now the solutions of permanganate of potash and of the double 
sulphate of iron and ammonium have been titrated so that they 
neutralise each other, volume by volume, that is to say that a 
volume of the one corresponds to the same volume of the other, 
and consequently i cubic centimetre of permanganate of potassium 
oxidises i cubic centimetre of this solution of the double sulphate 
of iron and ammonium. To begin with, lo cubic centimetres of 
sulphate were put into the flask, and to oxidise this completely lo- 
cubic centimetres of permanganate of potash were required, but 
as we have used only n cubic centimetres to obtain the oxidisation 
of the double sulphate, it is evident that the difference lo - has 
been peroxidised by the oxygen in the water. This oxidation must 
now be calculated in oxygen gas 

The solution of permanganate of potassium has been prepared,, 
so that I cubic centimetre of it is equivalent to o*ooo8 gr. of 
oxygen. If we represent by x the weight of oxygen sought, con- 
tained in the loo cubic centimetres of water, n being the number 
of cubic centimetres of double sulphate of iron and ammonium put 
into the flask, we have the formula * — 

X — (lo - n) o’ooo8. 

We can calculate the oxygen contained in the water in volume 
if we call V the volume of the oxygen contained in loo cubic 
centimetres of the water to be analysed, and if we note that i 
cubic centimetre of oxygen gas at o° C , and 760 pressure, weighs 
ODO143, by the formula ; — 

V = Q*QQo8 


0*00143 
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and per litre : — 

^ (10 - n) 0*0008 
0*00143 

2. Acids. 

Quantification of the Free Carbonic Acid and Half-combined Car- 
bonic Acid (not in a State of Simple Carbonate). — Pettenkofers 
method depends upon titrating with oxalic acid an excess of a 
determined quantity of barium or calcium introduced into the water 
to be analysed in order to precipitate its free carbonic acid. 

With a graduated pipette 100 cubic centimetres of the water 
to be analysed are put into a flask, 3 cubic centimetres of a con- 
centrated solution of chloride of calcium or of barium are added, 
and 2 cubic centimetres of a saturated solution of hydrochlorate of 
ammonia ; and finally 45 cubic centimetres of a solution of lime 
or baryta, this making in all 150 cubic centimetres. The flask is 
then corked, shaken well, and allowed to settle for twelve hours. 
The free or half-combined carbonic acid is precipitated by the lime 
in the state of carbonate of calcium • — 

Ca(OH)2 + CO^ = CaCOg + H^O. 

The carbonate of calcium deposits at the bottom of the flask, 
50 cubic centimetres of the clear supernatant liquor containing the 
excess of lime are drawn off gently with a graduated pipette, and 
this excess is quantified with a titrated solution of oxalic acid. 

The oxalic acid solution should contain 2 8636 gr of oxalic 
acid per litre of distilled water, and i cubic centimetre of it should 
correspond to i milligramme of carbonic acid. As for the solution 
of lime or of baryta employed (in this case lime) it is titrated to 
begin with with 45 cubic centimetres of the oxalic acid solution by 
way of trial. 

To titrate the excess of lime in the flask a rapid trial on the 50 
cubic centimetres of liquid taken out with the pipette is first made. 
Then a more precise trial is made with a second 50 cubic centi- 
metres extracted in the same way. 

If 71 is the number of cubic centimetres of oxalic acid found 
in testing 50 cubic centimetres of the liquor, the number of cubic 
centimetres of oxalic acid for the 150 cubic centimetres of liquid 

contained in the flask will be yi , 

\i n is the number necessary to neutralise the 45 cubic centi- 
metres of lime water in the preliminary trial, the difference n - yi 
of oxalic acid corresponds to the lime precipitated by the carbonic 
acid. Each cubic centimetre of oxalic acid corresponds to i milli- 
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gramme of carbonic acid, and if we represent by x the weight of 
carbonic acid in the lOO cubic centimetres of water, we shall get 
the formula : — 

;tr = « - 

and per litre . — 

- 3«) lo. 

Quantification of the Nitrites. — The quantification of the nitrites 
may be done either with metaphenylen e-diamine or with Troms- 
dorffs reagent. The reactions obtained with nitrous acid have 
already been indicated in the part of this work treating of qualita- 
tive analysis. 

According to the intensity of the tints obtained, judging by 
comparison with known standards, the proportion of the nitrites 
contained in the water is determined. A solution of an alkaline 
nitrite is prepared in such a way that i cubic centimetre corres- 
ponds exactly to the one-hundredth part of a milligramme of 
nitrous anhydride NgOg, which is the standard solution. This 
standard solution is obtained by taking o 406 gr. of pure crystal- 
lised nitrite of silver, dissolving it in distilled water, and adding 
a solution of chloride of sodium in excess. The silver is pre- 
cipitated as the chloride It is allowed to deposit and nitrite of 
sodium IS obtained by double decomposition • — 

AgNO, + NaCl = AgCl + NaNO, 

The clear liquid is decanted and put into a flask graduated 
with I litre mark. The precipitate of chloride of silver is washed 
on a filter and the filtrate is added to the contents of the flask. 
The solution is brought up to i litre with distilled water, and in 
this way a standard solution of nitrite of sodium is obtained of 
which I cubic centimetre corresponds exactly to ooooi gr. A 
more dilute titrated solution may be used by taking 100 cubic 
centimetres of the solution thus obtained and bringing it up to i 
litre with distilled water in another graduated flask This will then 
contain o'ooooi gr of nitrous acid N3O3 per litre. 

A standard solution may also be prepared by simply taking 
nitrite of potassium and titrating the solution with permanganate 
of potassium which transforms the nitrous oxide into nitric oxide * — 
5N2O3 + 2Mn20„ = SN2O5 -h 4 MnO. 

Titrated solution of permanganate of potassium is poured into a 
known quantity of nitrite of potassium solution, until the pink tint 
given by the permanganate remains. The standard solution of 
nitrite of potassium is prepared with a small quantity of nitrite of 
potassium, and when its degree of strength is known it is diluted 
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with distilled water to the extent necessary to obtain a solution 
containing 0*0001 or 'ooooi gr. of nitrous acid per litre. 

With Metaphenylene-Dlamine^ — To test with metaphenylene- 
diamine colorimetric glasses are used. These are glass tubes 
which allow the coloration to be noticed under equal bulk of 
liquor. Fifty cubic centimetres of the water to be examined are put 
into a colorimetric tube and to this is added i cubic centimetre of 
a solution of sulphuric acid obtained by mixing i part of sulphuric 
acid of 60° B. with S parts of distilled water. The mixture is stirred 
with a glass rod, and under the influence of the nitrous acid in the 
water a yellow coloration is produced, its intensity depending upon 
the amount of nitrous acid present. 

Standard solutions are prepared with titrated nitrite of sodium. 

For this purpose several colorimetric tubes are taken and 
numbered i, 2, 3, 4, 5, and so on. In each of these is put i cubic 
•centimetre of the solution of metaphenylene-diamine, i cubic centi- 
metre of sulphuric acid, and 50 cubic centimetres of distilled water. 
In No I is put 0*1 cubic centimetre of the titrated solution of 
nitrite of potassium, in No. 202 cubic centimetre, and so on. The 
depths of tint are noted, and the one among these standards cor- 
responding to that of the water under examination is sought for 

Suppose, for instance, that the tint of No. 4 is identical with the 
•coloration obtained with the water under examination. If No. 4 
has been obtained with the titrated solution containing ooooi gr. 
of nitrous acid per cubic centimetre, this proves that in the 50 cubic 
centimetres of the water there are 00004 of nitrous anhydride, and 
per litre — 

00004 gr X 20 ^ o*ooS gr. of N^O^. 

If n IS the number of cubic centimetres of the solution of nitrite 
of potassium used in the standard corresponding to the tint noted 
in the water under examination, f the number corresponding to the 
amount of nitrous acid in the nitrite of potassium solution, by 
representing by .v the weight of nitrous acid contained in 50 cubic 
centimetres of the water under examination, we get the equation 

X — t y. n, 

and per litre : — 

t y n y 20, 

With TromsdorfFs Reagent. — The quantification of the nitrous 
acid with Tromsdorff s reagent is done in a similar way to the 
metaphenylene-diamine test. In this method blue tints are ob- 
tained by the action of the nitrous acid, which causes the formation 
of iodide of starch. This blue tint is all the more intense as the 
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liquor contains more nitrites. The analysis is made with a series of 
colorimetric glasses. Into one of them 50 cubic centimetres of the 
water to be analysed are put, and i cubic centimetre of sulphuric 
acid at 60° B. together with 2 cubic centimetres of Tromsdorff's- 
reagent are added. For the preparation of the reagent refer to the 
part of this work treating of qualitative analysis. 

A blue coloration forms which is compared with the standards 
prepared as follows . — 

In 5 colorimetric glasses numbered i, 2, 3, 4? 5; the correspond- 
ing number of cubic centimetres of a titrated solution of nitrate of 
potassium or of sodium is introduced, that is to say i cubic centi- 
metre is put into No. i glass, 2 cubic centimetres into No. 2, and 
so on. Each glass is brought up to 50 cubic centimetres with dis- 
tilled water, then into each is put i cubic centimetre of hydrochloric 
acid of 60° B. and 2 cubic centimetres of Tromsdorff’s reagent. The 
tints of the standards are compared as before with that of the water 
under examination. 

If n be the number of cubic centimetres in the standard corre- 
sponding with the tint obtained in the analysed water, and t the 
amount of nitrous acid in the titrated solution of nitrite of potassium,, 
by representing the weight of the nitrous acid contained in 50 c.c. 
of the water analysed as we obtain the formula — 

X ^ n y. t, 

and per litre • — 

X X / X 20 

Nitrates. — The quantification of nitrates can be effected by- 
evaporating I or 2 litres of the water with i gramme of caustic soda 
down to 20 cubic centimetres, and then analysing the nitric acid by 
Schloesing’s process. 

This process depends upon the reduction of the nitrates to 
nitrogen dioxide with protochloride of iron m an aqueous solution 
and in the presence of hydrochloric acid. The reaction is as- 
follows : — 

6FeCl, + 2NaN03 + 8HC1 + N,0 , -h 3Fe,Cl,. 

By calculating according to the molecular weights it will be 
seen that to have a titrated solution of nitrate of sodium which 
gives off, per 5 cubic centimetres, 100 cubic centimetres of nitrogen 
dioxide gas, it is necessary that the solution should contain 76 
grammes of nitrate of sodium per litre. A titrated solution is there- 
fore prepared containing 76 grammes of nitrate of sodium per litre. 
In commencing the analysis 40 cubic centimetres of a solution 
of a ferrous salt prepared by treating 200 grammes of iron in 200 
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cubic centimetres of water acidulated with an excess of hydro- 
chloric acid, and bringing this up to a litre with distilled water, are- 
put into a flask. The arrangement of the apparatus is shown in 
134* About 40 cubic centimetres of pure hydrochloric acid 
are poured into the funnel and allowed to run into the flask. After 
having boiled the liquor for a few minutes to expel all the air, a 
graduated tube is filled completely with water and put in the 
hydraulic trough over the end of the bent tube B. 

The liquid is again brought to the boil and the residue of the 
evaporation of the water to be analysed is put into the funnel and 
allowed to run drop by drop into the flask. The reaction quickly 
takes place, and nitrogen dioxide bubbles into the graduated tube. 
The funnel is washed with 10 cubic centimetres of pure hydro- 



chloric acid and this is allowed to run into the flask, continuing 
the boiling In a short time no more gas is given off, and the 
level of the water in the graduated tube remains constant. This 
graduated tube is then placed on one side in the hydraulic trough 
to be used later in the comparative analysis 

Another trial is made with the titrated solution of nitrate of 
sodium, the graduated tube put on one side is replaced by another 
full of water and put over the end of the glass tube and the liquor 
is brought to the boil. Five cubic centimetres of the titrated solu- 
tion of nitrate of sodium are put into the funnel and allowed to 
run drop by drop into the flask. The gas is given off and finally 
the funnel is washed with about 10 cubic centimetres of hydrochloric 
acid. The operation is made exactly as before, and stopped when 
the gas ceases to be given off. The graduated tube is then put side 
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by side with the one used in analysing the water, and the volume 
of gas in the two tubes is compared. 

Let V be the volume of nitric dioxide, obtained with the 
analysed water, B' the volume of nitrogen dioxide obtained with the 
titrated solution NowB corresponds exactly to 0’33 gr. of nitrate 
•of sodium 

If we represent the corresponding quantity of nitrate of sodium 
contained in the water to be analysed by ji, that is to say corre- 
'Sponding to the volume B of nitric dioxide, we shall obtain the 
equation • — 

V .r 
V' - 0-33 ’ 

from whence : — 

^ _ V X 0-33 

^ — • 

From this may be easily calculated the contents in pure nitric 
acid HNO3 by multiplying the result obtained by 0741 1, which is 
given by the calculation. 

By representing by X the weight of nitric acid contained in i 
litre of the water, if p represents the quantity used in analysis in 
litres . — 

^ V X o 33 X 0741 1 
^ “ V' X p 

Quantification of the Nitrates by Tromsdorff’s Method. — This 
method is convenient in the majority of cases and depends upon 
the decoloration of an indigo solution titrated with nitric acid 
Two solutions are prepared, one of nitrate of potassium and the 
other of sulphate of indigo. The solution of nitrate of potassium is 
got by putting 1-8724 gr of pure nitrate of potassium into i litre of 
water, and thus a solution is obtained of which i cubic centimetre 
corresponds to o ooi gr of nitric anhydride per litre 

To prepare the titrated solution of indigo, 6 parts of fuming 
sulphuric acid are put into a beaker and i part of indigotine in 
'powder is added gradually with constant stirring 

After allowing it to settle a little the solution is put into 240 
parts of distilled water. The liquid obtained is filtered and then 
diluted with water A solution is thus obtained of such a strength 
that from 6 to 8 cubic centimetres of it correspond to 0001 gr. of 
nitric anhydride. 

To do this 5 cubic centimetres of the titrated solution of the 
nitrate of potassium are put into a porcelain capsule, distilled water 
is added, and the whole is brought up to a temperature of from 1 10° 
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to 120® C. Into this the solution of sulphate of indigo is added 
drop by drop by means of a graduated burette, and the addition 
is stopped the moment that the liquid takes a light bluish-green 
tint. The number of cubic centimetres of the sulphate of indigo^ 
solution used is then noted. 

Another trial is made by operating in the same way on 5 cubic- 
centimetres of the titrated solution of nitrate of potassium, by 
pouring in at once n divisions of indigo, then continuing to pour 
gradually until a greenish tint is obtained. The number n! of 
divisions is then noted, n' thus corresponds to 5 cubic centimetres- 
of nitrate of potassium, that is to say to O’OOS gr. of nitric anhydride 

N2O5 and 0*001 gr. of nitric anhydride corresponding to - of sul- 
phate of indigo solution. 

From this we can easily deduce the quantity of water to be added 
to have a solution of sulphate of indigo 6 to 8 cubic centimetres oT 
which will correspond to 0001 gr. of nitric anhydride, that is to say 
to I cubic centimetre of a titrated solution of nitrate of potassium. 

In quantifying the nitrates 25 cubic centimetres of the water to 
be analysed is put into a porcelain capsule. Twenty-five cubic 
centimetres of pure concentrated sulphuric acid are added and the 
mixture is raised from i lO' to 120' C The sulphate of indigo 
solution is poured in rapidly with a graduated burette, until the 
greenish coloration is obtained, and the number of cubic centi- 
metres 8 of the solution used is noted. 

This trial is made with a fresh 25 cubic centimetres of w ater, 
but S cubic centimetres of the titrated solution of sulphate of indigo 
are put in, and the pouring out of the solution is continued until 
the coloration is obtained. The number 8' of cubic centimetres of 
sulphate of indigo used is noted. 

If the titrated solution of sulphate of indigo is such that i cubic 

centimetre = ^ nitric anhydride, ;/ being the number of 

cubic centimetres of titrated sulphate of indigo, corresponding to 
O'OOi of anhydride, if, moreo\er, 8 is the number of cubic centi- 
metres of the nitrate of potassium solution used, by representing the 
weight of anhydride contained in 25 cubic centimetres of the water 
by X, we obtain : — 

^ ^ 0*001 g r. ^ g. 
n 

and per litre of water : — 

X = 2:221s:* X S' X 40. 
n 
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With this method the results obtained are less than the true 
figures when the water contains organic matters, as these matters 
-are easily oxidisable and the nitric acid consequently acts upon 
them. A more exact analysis may be made by quantifying to 
begin with the organic matters contained in the water 

When once the quantity of permanganate of potassium necessary 
to destroy the organic matter is known, we can take loo cubic 
centimetres of the water to be analysed and add to it the necessary 
quantity of permanganate to destroy the organic matter, and then 
bring the volume up to 150 cubic centimetres. 

The analysis is made as before on 25 cubic centimetres of this 
water. The proportion of nitric anhydride contained in 25 cubic 
-centimetres of this water is calculated by multiplying by 3/2 the 
weight of nitric anhydride obtained in the preceding formula. 

Quantification of the Chlorides, — The quantitative analysis of 
the chlorine can be done either by the volumetric method or by 
gravimetric analysis. 

Volumetnc Method , — This method depends upon the following 
principle. If we pour a solution of nitrate of silver into a solution 
•of an alkaline chloride, on adding chromate of potash a precipitate 
of chromate of silver forms, which dissolves in the alkaline chloride 
until all the chlorine has been precipitated in the state of chloride 
of silver. To use this principle in analysis, therefore, we take with 
a graduated pipette 50 or 100 or more cubic centimetres of water 
-according as the quantity of chlorine contained in the water is 
more or less, the qualitative analysis having already indicated this. 

The water is put into a beaker and 2 or 3 drops of the solu- 
tion of neutral chromate of potassium, which serves as indicator, 
are added. A graduated burette is filled with a solution of nitrate 
•of silver, prepared so that i cubic centimetre of the solution con- 
tains 0001 gr. of chlorine, which is obtained by dissolving 479 gr. 
of nitrate of silver in a litre of distilled water. 

The solution of nitrate of silver is poured drop by drop from the 
burette, and the addition is stopped when on stirring a red colour 
appears and remains, by reason of the formation of insoluble 
•chromate of silver: — 

KgCrO^ + 2AgN03 = Ag^CrO^ + KNO3. 

The number of cubic centimetres used to obtain this reaction is 
then noted. If n be this number, and N be the number of cubic 
centimetres of water, the weight x of chlorine contained in these N 
cubic centimetres of water will be given by the formula : — 

X = O’OOI X n. 
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and per litre : — 

^ 1000 

X = 0*001 X /g ^ ♦ 

Gravimetric Method. — This method depends upon the fact that 
^ determined weight of chlorine corresponds to a determined weight 
•of silver. 

If a solution of nitrate of silver is added to a solution of alkaline 
chloride, a white precipitate of chloride of silver is formed, the 
weight of which determines that of the chlorine : — 

AgNOg + NaCl = NaNOg + AgCl 

A quantity of the water, 50, 100, or more cubic centimetres, 
according to the proportion of the chlorine which it contains, is 
taken with a graduated pipette. 

This is put into a beaker, then acidulated with nitric acid. A 
•solution of nitrate of silver is then added until no fresh precipitate 
IS formed by the addition of the nitrate. The contents of the 
beaker are filtered and the precipitate on the filter paper is washed 
until the wash waters are no longer precipitated by a solution of 
chloride of sodium. The precipitate is then dried and weighed 

Let n be the number of cubic centimetres of water tested, p be 
the weight of chloride of silver found. 

The weight Jtr of chlorine contained in these 71 cubic centimetres 
will be given by the formula : — 

X ^ p y. 0*2474, 

.and per litre ; — 

^ 247*4 P 

N ■ 

Quantification of the Sulphates. — This analysis depends upon 
the precipitation of sulphuric acid by chloride of barium in the state 
of sulphate of barium. An exactly determined weight of sulphuric 
acid corresponds to an exactly determined weight of sulphate of 
harium. 

According to the proportion of sulphuric acid which may be 
contained in the water, 50, 100, or more cubic centimetres of it are 
taken with a graduated pipette. This is put into a flask of Bohemian 
glass, acidulated with hydrochloric acid and brought to the boil. 
Then a hot solution of chloride of barium is added, and the whole 
is boiled up for about a quarter of an hour, the following reaction 
occurring ; — 

H2SO4 + BaCla - BaSO, + 2HCI. 

The precipitate of sulphate of barium formed, ordinarily difficult 
to separate, easily deposits by this method. It must be ascertained 
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that a fresh addition of chloride of barium produces no precipitation^ 
then the contents of the flask are filtered, and the precipitate is 
washed and calcined. 

Let n be the number of cubic centimetres of water tested, and 
p be the weight of sulphate of barium found, the weight x of 
sulphuric acid SO3 contained in the n cubic centimetres of water 
will be given by the formula : — 


and per litre : — 


^ X 03433, 


X = 


3-433/ 

N ‘ 


To avoid the water spurting out of the flask for want of air, it is 
necessary to use a little glass bulb made by drawing out a glass 
tube in the blowpipe flame and soldering one of its extremities. 
By putting this into the liquid a quiet boil is obtained, as it supplies 
a little air. 


3. Bases. 

Quantification of Organic Nitrogen or Albuminoid Ammonia. — 
Waters contain ammonia free or in combination and there may be 
ammonia arising from the different organic matters contained in 
the water. The method of Wanklyn and Chapman to quantify this 
organic nitrogen or albuminoid ammonia depends upon its trans- 
formation into ammonia by boiling it in the presence of a solution 
of permanganate of potassium with an excess of alkali.^ 

Five hundred cubic centimetres of the water to be analysed are 
put into a glass retort and 15 cubic centimetres of a saturated 
solution of carbonate of soda are added. The liquid is distilled 
and the operation stopped when 200 cubic centimetres of the dis- 
tilled product have been obtained These 200 cubic centimetres 
contain all the free or combined ammonia of the water. The 300 
cubic centimetres remaining m the retort are operated upon to 
quantify the albuminoid ammonia. 

Fifty cubic centimetres of a solution of alkaline permanganate 
of potassium obtained by dissolving 200 grammes of solid caustic 
potash and 8 grammes of permanganate of potassium crystals in 
I litre of distilled water are added to the contents of the retort. 

The distillation is continued and the distillate is collected in two 
colorimetric glasses. In the first of these, 50 cubic centimetres are 
collected, and in the second 100 cubic centimetres. These 150 
cubic centimetres contain all the albuminoid nitrogen, that is to 
say transformable into ammonia. The operator may be assured of 
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his by distilling a fresh 50 cubic centimetres of the liquid which 
will contain less than one-hundredth part of a milligramme of 
ammonia. 

The two portions of liquid contained in the two colorimetric 
glasses are then examined by comparison with a standard solution 
of chloride of ammonium containing 3*150 gr. of the salt per litre, 
I cubic centimetre of this solution corresponding to 0*001 gr. of 
ammonia In order that equal bulks of liquid should be examined, 
100 cubic centimetres of liquid are operated upon in all the trials. 
To the first portion of the distillate 50 cubic centimetres of distilled 
water are therefore added. 

The standards are now prepared. Five colorimetric glasses 
are taken, and i, 2, 3, 4, 5 cubic centimetres are added to them 
respectively Then they are brought up with distilled water so 
that they each contain 50 cubic centimetres of liquid. 

Finally in the two glasses containing the distillation products 
and in each of the five standards are put five cubic centimetres of 
Nessler s reagent. The contents of each glass is stirred up with 
a glass rod and the coloration noted. Let us suppose that the 
colorations corresponding to the first portion of the distillate are 
similar to the type containing 6 cubic centimetres of solution of 
chloride of ammonium, and for the second portion & cubic centi- 
metres. 

The sum 6 Q' represents the total chloride of ammonium u^^ed 
to give these two colorations 

Therefore this solution of chloride of ammonium is such that i 
cubic centimetre corresponds to 0*0001 gr. of ammonia, and con- 
sequently if the weight of the organic nitrogen or albuminoid 
ammonia contained in the 150 cubic centimeties of the distilled 
product is expressed by x, we obtain the formula — 

r = {^ + O') 00001 gr , 

and per litre — 

X = + O’) 0*0002 gr. 

Quantification of the Ammonia. — The ammonia in a free state 
or in combination in the waters may be quantified by distillation in 
Schloesing’s apparatus 

This apparatus consists of a glass retort B in connection with a 
serpentine coil of glass tubing S which runs into a tube of glass R 
through which a current of cold water can be kept flowing as a 
refrigerant. Fifty cubic centimetres of the water to be analysed 
are put into the retort and 3 to 4 grammes of pure calcined mag- 
nesia are added. The retort is then connected with the serpentine 

22 
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coil. Heat is applied and at the end of a few minutes the ammonia 
is given off Ten cubic centimetres of a titrated solution of sulphuric 
acid are put into a flask and the end of the tube connected with 
the serpentine is put into the acid. 

The ammonia neutralises sulphuric acid as it comes off, and the 
water is kept boiling for about an hour and a half 

To quantify the ammonia contained in the water, therefore, the 



Fig 135 — Schloesing’s apparatus for quantifying ammonia. 


quantity of ammonia absorbed by the sulphuric acid must be 
ascertained. To do this tincture of litmus is used as an indicator, 
and this is reddened by the presence of the sulphuric acid in excess 
m the flask. In determining the proportion of this acid in excess, 
that is to say the acid not neutralised by the ammonia, we learn, by 
difference, the quantity of sulphuric acid which has absorbed all the 
ammonia, and thus the proportion of ammonia in the water. 

All that has to be done, therefore, is to titrate the sulphuric 
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^cid. This is done by using a titrated solution of soda, neutralising 
volume by volume of it with the titrated solution of sulphuric acid 
employed in such a way that i cubic centimetre of soda solution 
corresponds exactly to i cubic centimetre of the solution of sul- 
phuric acid. 

The graduated burette is filled with the titrated solution of soda, 
and this is poured drop by drop into the flask containing the 
sulphuric acid and the ammonia which has been distilled over. 

When the tincture of litmus turns blue, this shows that enough 
soda has been added, and that the excess of acid is completely 
neutralised : — 

H^SO^ + 2NaOH = Na,SO^ + 2H,0. 

The operation is then stopped and a number S of cubic 
centimetres of titrated soda poured out is noted This number 
corresponds exactly to S cubic centimetres of titrated sulphuric 
acid, and consequently the number of cubic centimetres of sulphuric 
acid neutralised by the ammonia is 10 - S : — 

H,SO, + 2NH, - (i\H,;,SO^. 

To obtain these results with precision, the sulphuric acid 
solution should be very dilute 

If I cubic centimetre of this solution of sulphuric acid corresponds 
to a weight ^ of ammonia determined beforehand, we get, represented 
by X, the weight of ammonia contained in the 500 cubic centimetres 
of water : — 

.r = (10 - S) 0 , 

and per litre . — 

X = (10- h)2e 

Colorniietric Method ivith Xessicrs Reageiit, — This method 
depends on the red coloration with Xessler’s reagent, the tint of 
which is more or less intense in proportion to the quantity of 
ammonia in the water. By comparing the tints with standards 
containing known quantities of ammonia the proportion of ammonia 
contained in a water may be ascertained 

A solution containing 0317 gr of hydrochlorate of ammonia 
per litre is prepared, and as 0317 gr of sal ammoniac correspond 
exactly to OTO gr. of ammonia, i cubic centimetre of this titrated 
solution of chloride of ammonia corresponds to 0*0001 gr. of 
ammonia. The quantification of ammonia contained in the water 
by Nessler’s reagent can be done with the distillation product ob- 
tained with Schloesing’s apparatus or with the water directly. 

If the water itself is quantified it is preferable to begin by 
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precipitating the salts of lime and magnesia in order to obtain 
a clear coloration with Nessler’s reagent. 

This preliminary precipitation can be done by adding a few 
drops of a 30 per cent, solution of caustic soda and carbonate of 
sodium to 100 cubic centimetres of the water, and then filtering. 
The filtrate of course is operated upon, and for this purpose 
50 cubic centimetres of it are put into a colorimetric glass. The 
standards are prepared by putting i, 2, 3, 4, 5 cubic centimetres 
of a titrated solution of chloride of ammonium into as many glasses 
and filling them up with distilled water so as to have in each a 
bulk of 50 cubic centimetres of liquid. Into the water to be tested 
and into each of the standards 5 cubic centimetres of Nessler's 
reagent are added, and the liquids are stirred up with a glass rod 

The tint obtained is noted in the water under analysis, and the 
standard corresponding with it is sought for by comparison. 

Let us suppose that this is the standard containing n cubic 
centimetres of the titrated solution of chloride of ammonium, 

I cubic centimetre of this solution corresponding to 00001 gr. of 
ammonia Then if .r represents the weight of ammonia contained 
in the 50 cubic centimetres of water to be analysed, we have — 

X = n 0 * 0001 , 

and per litre — 

X == 0*0004 Ji 

Quantification of the Silica, Lime and Magnesia. — Into a 
porcelain capsule 500 cubic centimetres of the water to be analysed 
are put and evaporated to dryness 

Silica — The residue obtained is taken up with hydrochloric acid 
to dissolve the soluble salts of calcium and magnesium, and the 
silica remains behind as it is insoluble. 

The capsule is filled up with distilled water and the contents are 
filtered, the silica remaining on the filtre paper is washed with water 
acidulated with hydrochloric acid and then with distilled water 
After having dried the precipitate it is calcined in a tared capsule 
and weighed. If is the weight of the tared capsule, P that of 
the capsule containing the calcined precipitate, the difference of 
the weight is represented by silica, and if this weight is put as x we 
obtain . — 

x=¥ - p, 

and per litre of water : — 

X = (P - /) 2. 

Lime. — The filtrate contains the lime and the magnesia. To* 
quantify the lime we commence by neutralising the hydrochloric 
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acid in excess with ammonia, adding ammonia until the filtrate is 
slightly alkaline, and finally we add oxalate of ammonia to pre- 
cipitate the salts of lime : — 

H2C2O4 + CaSO^ == CaCoO^ + H2SO4. 

The precipitate is then filtered and washed with hot water. 

It is then dried and calcined in a tared capsule, until it is at 
a dull red heat. The oxalate of calcium is decomposed into car- 
bonate of calcium, and the result is calculated as the carbonate. 

CaC,04 = CaCO^ + CO. 

If / is the weight of the capsule before the calcination and P 
that of the capsule after calcination, the weight x of calcium will be 
furnished by the formula : — 

X = (F - /) 04001, 

and per litre : — 

X = P - / 0‘8002. 

By continuing the calcination of the oxalate of calcium to a 
cherry red heat, the carbonate of calcium is converted into quick- 
lime • — 

CaCOj = CaO + CO,. 

This quicklime being very hygroscopic should be weighed as 
soon as it is cool, in order that it shall not take any moisture from 
the air. 

If p exprc'.ses the weight of the capsule before the calcination, 
P' the weight of the capsule after calcination, the weight x of the 
calcium contained in the 500 cubic centimetres of water will be 
given by the formula — 

y = (P' - /) 07143, 

and per litre — 

X' = (P' - p ')2 X 07143 

If It is desired to express the results in oxide of calcium, the 
formulae become — 

r = (P - /) o 5600, 

;ir' = (P' - p) 0-5600 

Magnesia,— filtrate now contains only the salts of magnesia. 
It is evaporated to dryness in a porcelain capsule and the residue 
is calcined to drive off the ammonia. This residue is treated with 
hydrochloric acid, and a little nitrate of ammonia should be added 
in order to retain the iron and alumina that the water may contain 
in solution. The magnesia is quantified in the state of double 
phosphate of ammonia and magnesia, and for this purpose phos- 
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phate of soda is added and ammonia in excess After thorough 
stirring it is allowed to settle for twelve hours, and the phosphate 
precipitates according to the following reaction — 

NagPO^ + MgSO^ + NH,C 1 = Na.,SO, + NaCl + MgNH.PO^. 

It is then filtered and the precipitate is washed in water to- 
which a little ammonia has been added, then dried and calcined 
in a tared capsule. 

By calcination the double phosphate with the formula MgNH^ 
PO4 IS transformed into the pyrophosphate with the formula 
P^O-, a well-defined body. 

This change is shown in the reactions . — 

2MgNH^PO, = Mg,P,0, + H ,0 -h 2NH, 

If / IS the weight of the capsule before calcination, and P that 
of the capsule after calcination, the weight of the magnesia MgO 
contained in the 500 cubic centimetres of water will be given by 
the formula • — 

.r = (P -/) 03602, 

and per litre • — 

X = (P - /) 07204 

The magnesium in the magnesia is calculated by the formula — 
.r =.(?-/) 02161. 

Quantification of the Soda and Potash. — After having quantified 
the lime and magnesia, phosphate of ammonia and magnesia remain 
in the liquor. It is filtered and the precipitate is washed The 
filtrate contains the salts of potassium and sodium, with a certain- 
amount of phosphoric acid which must be eliminated The phos- 
phoric acid is got rid of either by precipitation by the salts of lead 
or by lime To separate it out with lime the liquid is first concen- 
trated by evaporation and then milk-of-lime is added in sufficient 
quantity to precipitate all the phosphoric acid. It is allowed to- 
settle for some time. As the lime is of course in excess it is got 
rid of by adding a little solution of carbonate or oxalate of ammonia. 
The lime is deposited in the form of a precipitate, which is filtered 
and washed. The wash waters are collected in a capsule with the 
filtrate and evaporated to dryness The evaporated residue con- 
tains the soluble salts of potassium, sodium and ammonium. 

By calcining the residue in a porcelain capsule the salts of 
ammonia are driven ofif. The residue is taken up with water 
acidulated with hydrochloric acid. Salts of potassium and sodium 
which remain in the capsule are in a state of chloride. 

The residue is dissolved by the water acidulated with hydro- 
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chloric acid and the solution obtained is put into a flask graduated 
at IOC cubic centimetres, and the level is kept up to this mark with 
distilled water. After having mixed the liquid well it is divided into 
two equal parts. The one is tested for potash, the other for soda. 

P otassium . — Half the liquid, that is to say 50 cubic centimetres, 
is put into a cap'.ule, chloride of platinum is added and the liquid 
is concentrated b}" evaporation in the water bath. By the action 
of the chloride of platinum on the chloride of potassium a preci- 
pitate of a double chloride of platinum and potassium is obtained : — 

PtCl, + 2KCI = PtC1^2KCl 

When the liquid is sufficiently concentrated and the chloride of 
platinum is well in excess, the evaporation is stopped, and after 
complete cooling, 80° alcohol is added. 

The precipitate is then collected on a tared filter, washed with 
the alcohol, dried in an oven at loo'^ C., and finally weighed. If/ 
IS the weight of the precipitate, representing by x the weight of the 
potassium contained in the 50 cubic centimetres, we obtain — 

X = o*i6oi /, 

and per litre — 

X = o 3202 / 

Sodium — The second portion of the liquid is put into a tared 
capsule Two cubic centimetres of pure hydrochloric acid are added, 
and evaporated to dryness The residue is then slightly calcined, 
and a mixture of chloride of sodium and chloride of potassium is 
obtained This residue is weighed If />' is the weight of the tared 
capsule, P' the w^eight of the capsule with the residue, the difference — 

P' - = w^eight of NaCl + KCl. 

Know'ing the w’eight of potassium contained in the water by the 
preceding analysis, if w^e call the weight of the potassium t w^e can 
calculate this w'eight of potassium in chloride of potassium. 

Representing by tt the w^eight of the chloride of potassium 
found we obtain — 

TT = T X 1*9103 

Knowing Yp\ the weight of the sum of the chloride of potas- 
sium and of sodium, and tt the weight of chloride of potassium, 
we obtain for the weight x contained in 50 cubic centimetres of 
liquid, that is to say 500 cubic centimetres of the w^ater to be 
analysed • — 

X = P' — - 77 , 

and per litre : — 

X' - (P' » / - tt) 2. 
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4 Metals. 

Quantification of the Lead. — A litre of the water to be analysed 
is evaporated to dryness, and after cooling the residue a few drops 
of nitric acid are added, and it is again evaporated to dryness. The 
residue is then calcined to get rid of the organic matters of the water 
The residue of the calcination is taken up with water acidulated 
with nitric acid. The salts of lead which may be in the water are 
dissolved and may be quantified by colorimetric analysis by means 
of the characteristic reaction of sulphuretted hydrogen. 

PKNOA + H.S == PbS + 2HNO, 

This method was adopted by Dr. Smith in the inquiry into the 
action of the waters of the Dee and the Don on leaden pipes 

The sulphuretted hydrogen may of course be replaced by hydro- 
sulphate of ammonia. In operating in this method the calcined 
residue taken up with water acidulated with nitric acid is put into 
a colorimetric glass The volume is brought up to 50 cubic centi- 
metres, then the standards are prepared by putting i, 2, 3, 4, 5 
cubic centimetres of a titrated solution of nitrate of lead into 5 
glasses in the usual manner. One cubic centimetre of the lead 
solution corresponds to 0*0001 gr. of metallic lead One cubic 
centimetre of sulphuretted hydrogen, or from 3 to 3 drops of hydro- 
sulphate of ammonia, is poured into each glass After having noted 
the tint, that in the trial glass is compared with the standards in 
the usual manner. 

If, for instance, the water has a tint corresponding to the 
standard contained in 0*0001 of lead, if we leprescnt by x the 
weight of lead contained in the litre of water taken for examination, 
we obtain ; — 

X = o 0001 gr 

Quantification of Copper. — The copper can also be quantified 
by the colorimetric method, which allows mere traces of it to be 
estimated. To commence with, 250 or 500 cubic centimetres of 
the water are evaporated to dryness, then taken up with water 
acidulated with a few drops of nitric acid, and filtered. The filtrate 
IS put into a colorimetric glass and this is filled up to 50 cubic 
centimetres with distilled water. Then 2 cubic centimetres of 
ammonia are added. This addition of ammonia produces a blue 
coloration, more or less intense according to the amount of copper 
in the water. The tint is compared as usual with a series of stand- 
ards containing known proportions of copper. 

These standards are prepared by putting into a series of colon- 
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Tnetric glasses i, 2, 3, 4 and 5 cubic centimetres of a solution 
containing o'oooi gr, of nitrate of copper per litre, filling them 
up to 50 cubic centimetres of distilled water and adding 2 cubic 
centimetres of ammonia. 

If/ is the water evaporated to dryness, q the weight of copper 
corresponding to the standard of the same tint as the water under 
examination, and X the weight of copper per litre o. water, we 
obtain : — 

^ _ 1000 q 

P 

’ Quantification of Iron. — The iron may be quantified by the 
gravimetric method. It is evaporated to dryness with a few drops 
cf nitric acid taken up with water acidulated with hydrochloric 
acid, and precipitated in the state of sesquioxide of iron with 
ammonia, the amount of ammonia used determining the quantity 
of the iron sought for. The colorimetric method, however, is quicker 
to operate and allows smaller quantities of iron to be quantified. 

A measured quantity of the water to be examined is evaporated 
to dryness with a little nitric acid added. The residue is taken up 
with water acidulated with nitric acid and put into a colorimetric 
glass. The standards are prepared as in the case of copper in colori- 
metric glasses with a titrated solution of nitrate of iron containing 

00001 gr. per litre, and putting into the glasses respectively i, 2, 3, 
4 and 5 cubic centimetres. The solution in each is brought up to 
50 cubic centimetres with distilled water, then to each is added 

2 cubic centimetres of a 10 per cent solution of sulphoc\'anide of 
ammonium Red colorations are produced, the tint deepening as 
more iron is present, and the tints are compared in the usual way. 

If the standard corresponding in tint with that of the water 
•contains a weight q of iron, and p is the measured quantity of 
water examined, by representing by X the weight of iron per litre 
•of water, we get — 

X ^ IQQQ 

P 

5. Quantification of the Organic Matter 

The quantitative analysis of the organic matter with perman- 
•ganate of potassium depends on the property of this salt of re- 
ducing the organic matter. It thereby loses its colour, and the 
quantity of organic matter present may be deducted from the 
quantity of permanganate added to the water necessary to obtain 
a persistent pink coloration Only approximate results can e 
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obtained, as the organic matters act very unequally on the per- 
manganate, and moreover certain inorganic matters have the same 
discolouring effect. 

The nitrites for instance reduce the permanganate, and this may 
frequently occur, as the compounds of nitrogen are frequently found 
in waters. On the other hand, urea and analogous compounds have 
no reducing effect on the permanganate. As a rule, the indications 
obtained by this process underestimate the quantities of organic 
matters. The titrated solution of permanganate of potassium should 
be prepared m such a way that i cubic centimetre is equivalent to 
O'OOOI gr of oxygen or 0000788 gr of oxalic acid 

This solution is prepared with a standard solution used in 
laboratories, which contains exactly 3 162 gr of permanganate of 
potassium per litre One cubic centimetre of this is equivalent to 
0*0008 gr. of oxygen, or o 0063 gr. of oxalic acid By taking 125 
cubic centimetres of this standard solution, and filling up with dis- 
tilled water so as to obtain i litre of liquid, we obtain the proposed 
solution. The permanganate of potassium solution may be titrated 
in the manner we have described in explaining the quantification of 
oxygen by Mohr's process For this purpose a solution containing 
exactly 39 2 gr of the double sulphate of iron and of ammonium or 
Mohr’s salt per litre is used. 

Instead of the double sulphate iron may be used in the form of 
pianoforte wire, taking into account the fact that 100 of pianoforte 
wire corresponds to 99 7 of pure iron, and that o 56 gr of pure iron 
corresponds to 0*008 gr. of oxygen, that is to say to i cubic 
centimetre of normal oxalic acid, or 0*63 gr of true oxalic acid. 

The strength of the permanganate of potassium may be gauged 
by the quantity of iron necessary to reduce it, and when this is 
known we are able to prepare the proposed solution Together 
with this solution of permanganate of potassium we prepare another 
solution of oxalic acid, capable of neutralising it volume by volume, 
so that I cubic centimetre of the solution of oxalic acid corresponds 
exactly to i cubic centimetre of the titrated solution of permanganate 
of potassium 

To prepare this solution, 0*788 of pure oxalic acid is added to 
I litre of distilled water The solution thus prepared should neutra- 
lise the titrated solution of permanganate of potassium, volume by 
volume. If it does not, the quantity of oxalic acid to be added to* 
enable it to do so must be calculated. 

For the purposes of the analysis, 200 cubic centimetres of the 
water are put into a flask, and 5 cubic centimetres of pure 10 per 
cent, caustic soda, together with 10 cubic centimetres of the per- 
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manganate solution, are added. The solutions are boiled together 
for ten minutes or so, and the liquid is allowed to cool down to 50° 
C., then 5 cubic centimetres of diluted sulphuric acid are added. 
This is prepared by adding i part of water to i part of concentrated 
sulphuric acid. Finally, 10 cubic centimetres of the titrated solution 
of oxalic acid are put in. 

The organic matters contained in the water, like the oxalic acid, 
exercise their reductive action. The permanganate of potassium 
poured in is discoloured, and there is an excess of oxalic acid which 
must be calculated. The amount of the excess of oxalic acid is 
ascertained by pouring the titrated solution of permanganate of 
potassium into the liquid from a graduated burette. 

The number of cubic centimetres poured out which corresponds 
to the excess of oxalic acid is noted, and as the excess results from 
the reductive action exercised by the organic matters in the water 
on the 10 cubic centimetres of solution put in to begin with, we can 
make the following calculation ; — 

U n IS the number of cubic centimetres of permanganate of 
potassium necessary to obtain the persistent pink tint, this number 
n corresponds to n cubic centimetres of oxalic acid, that is to say to 
u X 0000788 gr of oxalic acid. The results of the quantification 
of organic matters are often indicated in oxalic acid Sometimes 
these results are expressed in the organic matters themselves, it 
being granted that the weight of permanganate of potassium found 
in the analysis is five times that of the organic matters contained 
in the water under examination 
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Acids, purification of water by, 192 

— in water, quantification of, 327. 

tests for, 302, 303, 306. 
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Albuminoid ammonia, quantification of, 
336 

Alizarin, solubility of, 120, 122 
Alkaline borates, purifying feed water with, 
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— chlorides in sugar making, 152 

— oxalates as boiler cleansers, 51, 55 
purifying water with, igi 

— salts in dye-baths, 123 

— silicates, purifying feed water with, 113 
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— tannates as boiler cleansers, 46. 

— waters in sizing paper, 141. 

Alkalis in water, quantification of, 342 
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Ammonia in water, quantification of, 337 
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Anderson’s purifying process, 264 
Anilines, solubility of, 120 
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196 
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Babcock and Wilcox boilers, 64. 

Bacteria in brewing, 177, 180, 181, 

water, 160, 161, 162, 165, 176, 177, 

180, 181, 258 

Barbier’s purifying apparatus, 224-226. 
Barium carbonate, purifying feed water 
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Belleville boiler cleansing apparatus, S 9 >- 
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Benzine, treatment of sludge with, 282, 
295. 

Berenger and Stingl’s purifier, 206. 

Bird’s purifying process, 266. 

Blanc’s steriliser, 248. 

Boblique’s purifying process, 291* 

Boiler cleansers, chemical, 44 
mechanical, 42, 43, 44. 

— cleansing by decantation, 56 
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tannates, 46. 

barium chloride, 49, 50, 53, 54 

hjdrate, 50, 53, 54. 

carbonate of soda, 47, 48, 53, in 

caustic potash, 49, 53, 54, in 

caustic soda, 49, 53, 54, in. 

chromates, 50, 51, 53, 54. 

clay, 43, no 

i fats, 43. 

I gfycenne, 47 

I graphite, 44. 

1 ground glass, 43. 

potatoes, 44 

! rosin, 44 

sodium silicate, 49, 53, 54 

' sugar. 46, 47 

talc, 43 

tar, 44 

tannins, 45 

w ood extracts, 45, 46 

shaxmgs, 45 

' zinc, 43, 109 

, — corrosion, pre\ention of, 93, loa-iiS 
1 — corrosions, chemical, bo, 65, b6, bj, S^ 

I bg, 92, 93 

exterior, 75, 79 

interior, 75, 7b. So, 82, 84-92 
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I Boilers, applying dismcrustants to, 194, 

195 

— effect of scale in, 40, 41 
sediment in, 40, 42 

— scale prevention in, 55 

— use of sea water in, 102, iiS. 

Boiling, action of calcium carbonate m, 3, 

39 

Boilmg-point, 32, 33. 

— variability of, 33. 

Brazilm, solubility of, 120. 

Brewing, ammoniacal salts in, 166. 

— bacteria in, 177, 180, 181. 

— calcium carbonate in, 169, 170, 172, 173., 
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Brewing, chlorides m, 167, E72, 173. 

— distilled water m, 173 

— ferruginous waters in, 167, 168, 169. 

— filtering water for, 163, 168 

— gypsiferous water in, 163. 

— lactic acid in, 177, 179. 

— magnesium carbonate in, 169, 172, 173 

— nitrates in, 166 

— organic impurities in, 164, 165 

— sodium salts in, 173, 174, 175. 

— sulphate waters m, 171, 172, 173. 
Buisme’s purifying process, 263, 291. 
Bunsen’s experiments in solubility, 22. 
Buron’s filter, 237 

— purifer, 216-220 


C. 

Calcareous waters m sugai making, 152 

— wateis in dyeing, 120, 121, 122, 123 
sizing paper, 141 

purifying, 184, 186, 187. 

Calcium carbonate, action in dyeing, 3 

in boiling, 3, 39 

of, on iron, 93. 

on soap, 3, 133, 316 

in brewing, 169, 170, 172, 173 

water, 2, 3, 10, ii, 13, 15, 24, 39, 

74 , 

— chloride action of, on iron, 97. 

solubility of, 28, 48, 103 

solution test, 312, 314 

— oxalate in photography, 145, 146 

— sulphate in sea water, 102, 107, 108 
in water, 3, 10, 13, 14, 25, 26, 39, 

48. 74 

Cambray s filter-press, 242, 243 
Carbonate feed- waters, 52 

— of soda as a boiler cleanser, 47, 48, 53, 

III 

treating soapy etfluents with, 276 

Carbonates in watei, tests for, 303 
Carbonic acid, action oi, on iron, 93, g8. 

— — in water, 2, 9, ii, 27 

— quantification of, 317, 319, 

327 

tests for, 303 

Carpentier’s purifier, 220 

— heating purifier, 226 

Caustic alkalis, purifying water with, 185. 

— baryta, purifying sea water with, 112, 

— potash as a boiler cleanser, 49, 53, 54, 

III. 

— soda as a boiler cleanser, 49, 53, 54, 

III. 

Chemical composition of water, i, 5, 10, 
21, 159 

Chevalet’s steam softening apparatus, 66, 
67 

Chloride of barium as a boiler cleanser, 
49» 50. 53. 54- 

Chlorides in brewing, 167, 172, 173. 

water, 4, 14, 18, 21, 26, 28, 29, loi. 

quantification of, 334. 

tests for, 303. 

'Chromates as boiler cleansers, 5 ^> 53 » 
54- 


Cider-makmg, water in, 161, 162 
Clarke Atkins and Porter’s purifier, 214 
Classification of water, 5, 160. 

Clay as a boiler cleanser, 43-110 

— treating soapy effiuents with, 278. 
Colorimetric apparatus, 329, 330, 339. 
Condensation, 6 

Conductivity of scale, 40 

Copper in water, quantification of, 344. 

tests foi, 30S 

— sulphate, action of, on iron, 98, loi. 
Corrosion in boilers, prevention of, 93, 102- 

118. 

Corrosive action of water, 30, 74-118 
Coventry purifying process, 262 
Croix treatment of soapy effluents, 276 


D. 

Dalton’s laws of solution, 21, 27 
David’s filter, 231 

Decantation, boiler cleansing by, 56, 57. 
Defosse’s purifying process, 264, 265 
Degreasing water, 126 

— waters, calcareous, 126 
Delattre’s purifying process, 293 
Delhotel and Moride’s filter, 234. 
Demailly’s purifier, 214-216 
Dervaux’s filter, 232. 

— purifier, 211-214 

— — and boiler, 226-229 
Desrumaux’s filter, 231 

— purifier, 207-21 1 
Desuintmg water, 125 
Disincrustants, applying to boilers, 194, 195 
Distillation apparatus, 17, ly, 300 

— feriugmous water in, 179, iSi 

— hydiochlonc acid m, 179, 180 

— methods of, 17, 18 

— of sea water, 19 

— puiifymg sea water by, 102, 105 
Distilled water, 5, 16, 181, 300 
Dolomite, purifying by, 263, 272 
Donard and Boulet’s fat extraction appar- 
atus, 294, 298 

Dulac’s decantation apparatus, 56 
Dum^ry’s decantation injector, 68 
Dyeing, action of calcium carbonate in, 3. 
Dye-baths, alkaline salts in, 123. 

— ferruginous salts in, 123, 124. 

— purity of, 1 19-124 

Dye house effluents, treatment of, 273 
Dye-waters, temperature of, 119, 122 


E. 

Ebullition, laws of, 32, 33. 

Electrical treatment of sewage, 253, 267, 
269 

Electrogenes, purifying sea water by, 109 
Encrustation, 40, 108. 

— mineral oil, 117. 

— of sugar-boilers, 152 
Erosive action of water, 10. 

Evaporation, 6, 32. 

Evaporators, cleansing, 155. 
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Fats as boiler cleansers, 43. 

— recovery of, from soapy effluents, 277, 

281, 288, 292. 

in wool-works, 277, 278, 281, 2S2 

— utilisation of recovered, 292, 293. 

Feed water, analysis of, 51 

heaters and purifiers of, 224-226, 229. 

purifying with barium carbonate, 

IT2. 

softening by heat, 69. 

steam softening of, 62, 63, 65-72 

— water, corrosive, 38 

purifying of, 102-118 

saline matter in, 39. 

scale in, 38, 39 

scum in, 39, 42. 

Ferric oxide corrosion, 76 

— salts in tanning, 137. 

Ferrozone, treating sewage with, 266, 289 
Ferruginous salts in dye-baths, 123, 124 

— water in distilling, 179, 181 
paper making, 141 

— waters in brewing, 167, 168, 169 
Filter, Huron’s, 237 

— David's, 231. 

— Delhotel and Moride’s, 234 

— Dervaux’b, 232 

— Desrumaux’s, 231 

— greasy water, 245 

— Howatson’s, 235 

— Muller’s, 240 

— Ferret’s, 241 

— Philippe’s, 23S 

— presses, 242-245 

— s>phon, 233. 

Filtering water tor brewing, 165, 16S 

— paper making, 140 

photography, 144 

— sugar refining, 151 

Filters, charcoal, 231 

— cleaning, 231, 232, 233, 234, 236, 238, 

240, 247. 

— cloth, 231, 23S, 241 

— grit or giavel, 231, 232, 234, 235 

— mineral, 231, 238, 246. 

— sponge, 231, 241 

— w'ood-fibre, 207, 21 1 
Filtration of sew'age, 259, 262 

— purifying water b>, 205, 207, 21 1, 215, 

220, 231-247 

— soil, 258 

— sterilising b> , 24} 

Froitzheim’s purifier, 223-224 


G. 

Gaillet and Huet’s residuary process, 272. 
Gaillet’s purif3nng process, 2S9. 

— settlers, 199-207. 

<jas, illuminant, from sludge, 278, 297, 


I Granddemange’s heating purifier, 229. 
Graphite as a boiler cleanser, 44. 

I Greasy water filter, 245. 

' Ground glass as a boiler cleanser, 43. 

I Gypsiferous water in brewing, 163. 


' Hermite’s purifying process, 269. 

Hides, unhairing by water, 135 
I Houdard’s steriliser, 249. 

Houzeau’s purifying process, 290 
I Howatson’s feed-w'ater softener, 72. 

' — filter, 235. 

— purifier, 220-233 

, — purifying process, 266, 289. 

Hydrochloric acid, 29, 41 
1 — — action of, on iron, 94, 95, 97, 10 1. 

in distilling, 179, 180. 

' Hydrotimetnc apparatus, 313, 317, 321, 

I 322 

' — degree, 315, 316. 

I — formulai, 318, 322. 

I — tests, 40, 43, 133. i53» 1S7. 300, 311-323 
I Hypochlorites in photography, 148, 149, 
150. 

I. 

Ice, germs in, 156. 

— manufacturing, 157 

Impurities in w'ater, i, 4, 5, 10, 16, iS, 19, 
33. 39. 74. 93. 94. 97. 99. 1^9. 140. H4^ 
159, 160, 161, 258, 259, 262, 285 
Indigo, recovery of, 273 
Indigotm, solubility ot, 120 
Iron, acid corrosion of, 93, 94, 95, g6, gg, 
101 

— action of alkaline sulphates on, 98, 100, 

101 

aluminium sulphate on, 98, loi 

— calcium carbonate on, 93, 98 

chloride on, 97, loi 

carbonic acid on, 93, 98 

— — — copper sulphate on, 98, lui 

— hydrochloric acid on, 94, 95, 97 

lOI 

— — — magnes'um chloride on, 97, lui 

— — — nitric acid on, 96, 100, loi, iu2 

— — — oleatcs on, 113, 114, 115 

— salts on, 96, 97, 98, loi, 102 

— sulphuretted hydrogen on, gg, 

, lOI 

sulphuric acid on, 95, 96, loi 

— sulphurous acid on, 99, 10 1 

' — in water, quantification of, 345 

tests for, 30S. 

' — organic corrosion of, 93, 94, 97, 99. loo. 

, — salts, treating sewage with, 291. 

, — sulphate of, m water, 3, 15, 98, 100. 


299. ^ , 

Gases in water, quantification of, 324. 
Gasolene, use of, m fat extraction, 294. 
Glycerine, as a boiler cleanser, 47. 

— recovery of, m soap works, 283, 


L. 

Lactic acid in brewing, 177, 179. 
Laundry-work, softenmg water for, 134. 
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Lead contamination of water, 159, 169. 

— in water, quantification of, 344. 

tests for, 308. 

Lechatelier purifying process, 262. 
Leclaire’s filter-press, 242, 244 
Legrand’s purifying process, 289 
Lencauchez’ softening apparatus, 70, 71 
Lime, action of, on madder-baths, 12 1 

— in water, quantification of, 340 
tests for, 306 

— purifying sea water with, no, 116. 
sewage with, 264, 265, 266, 267, 285, 

287, 292 

water with, 184, 205, 210, 212, 214, 

217, 220, 222. 

— salts in water, quantification of, 317, 

319- 

— solubility of, 27 


M. 

Madder-bathfa, action of lime on, 121. 
Magnesia m water, quantification of, 341 
tests for, 306 

— purifying water with, 186, 187 

— salts in water, quantification of, 3 17, 3 19 
Magnesium carbonate in brewing, 169, 

172, 173 

photography, 146, 147 

water, 2, 13, 24, 39, 48 

— chloride, action ot, on iron, 97, loi 
in sugar-refining, 153 

— water, 14 

— chlorides, solubility of, 29 
Maignen purifier, 216 
Malting, water for, 164 

Metals in water, quantification of, 344 

tests ioi, 30S 

Metaphenylene diamine, tests by, 329 
Mineial oil encrustation, T17 

— wateis, 16 

Mohr’s process of quantifying oxygen, 325 
Mollin’s treatment of soapy effluents, 278 
Montupet boilei -cleansing apparatus, 60, 
61 

Montupet’s condenser, 69, 70 
Muller’s filter, 240 


N. 

Naeyer boiler-cleansing apparatus, 60 
Negatives, preparing water for washing, 
146. 

Nitrates in brewing, 166. 

water, quantification of, 330-334 

tests for, 303, 

Nitrites in water, quantification of, 328. 

tests for, 304 

Nitric acid, action of, on iron, 96, 100, loi, 
102 


O. 

pil separation by steam, 117, 118. 

Oleates, corrosive action of, 113, 114, 115. 


Oppermann’s purifying process, 271 
Organic corrosion of iron, 93, 94, 97, gg^ 
100, 1 13. 

— matter in rain, 7, 8 

water, quantification of, 345. 

tests for, 310 

— nitrogen in water, quantification of,. 

336 

Osmogenes, cleansing, 155 
Osmosis, filtration by, 154. 

Oxalate of ammonia solution test, 313. 
Oxygen in water, quantification of, 325 
Ozone, production of, 256 

— sterilising by, 252-256. 


P. 

Paper, calc'areous waters m sizing, 141. 

— making, filtering water for, 140. 

use of alum m, 141. 

water in, 140-142. 

Papin’s kier, 32 

Pasteurising by heat, 247-251. 

Permanganate of lime, sterilising by, 251. 

potash, sterilising by, 251, 265 

Peroxide of chlorine, sterilising by, 252 

Ferret’s filter, 241 

Philippe’s filter, 238 

Phosphates in water, tests for, 305 

Photogiaphic printing baths, 149, 150. 

Photography, alumina in, 147. 

— calcium oxalate in, 145, 146 

— filtering water for, 144 

— hypochlorites in, 148, 149, 150, 

— magnesium carbonate in, 146, 147 

— prepaiing water foi, 143, 145, 149, 150. 

— sodium chloiide in, 144 

— sulphide waters in, I^4 

— use of alum in, 143, 1^7, 148 

Piet and Dumas’s punfying piocess, 267 
Pitting coriosions in boilers, 75, 79. 
Polarite, ti eating sewage with, 266, 289. 
Potassium peimanganate, i8 

— in watei, quantification of, 343 
tests foi, 307 

— salts in water, 10, 12, loi 
Potato-starch as a boilei cleansei , 44 
Precipitation of suspended mattei by alum, 

197 

— softening water by, 3, 24, 47, 48, 49, 52, 

53» 54> 60, 61, 65, 70, III, 184, 186, 188, 
230, 262 

Purifiei and boiler, Dervaux’s, 226-229. 

heater, Bai bier’s, 224-226 

— Carpentier’s, 226 

Granddemange’s, 229 

— Berenger and Stmgl’s, 206 

— Buion’s, 216 220. 

— Carpentier’s, 220. 

— Clarke Atkins and Porter’s, 214. 

— cylindrical, 202. 

— Demailly’s, 214-216 

— Dervaux’s, 211-214. 

— Desrumaux’s, 207-211. 

— Froitzheim’s, 223-224 

— Howatson’s, 220-223. 

— Maignen, 216. 
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Purifying by alumina salts, 263. 265. 
290. 

— process, Anderson’s, 264. 

Bird’s, 266. 

Boblique’s, 291. 

Buisine’s, 263, 291. 

Coventry, 262. 

Defosse’s, 264, 265. 

Delattre’s, 293. 

Gaillet’s, 289. 

Gaillet and Huet’s, 27a. 

Hermite’s, 269. 

Houzeau’s, 290. 

Howatson’s, 266, 289 

Legrand’s, 289. 

Piet and Dumas’s, 267. 

Schloesing’s, 261. 

Scott’s, 266. 

Sillar’s, 264. 

Suvern’s, 264. 

Webster’s, 267. 

Purity of ram water, 8. 

Pyrites, purif3dng sewage with, 262, 263, 
292. 

R. 

Rain, organic matter m, 7, 8. 

— water, 6. 

purity of, 8. 

Refinery effluent, treatment of, 271, 272. 
Residuary water, treatment of, 260, 271, 
272, 273, 299. 

Retting, process of, 126, 128. 

— waters, analysis of, 127, 128. 

Rosin as a boiler cleanser, 44. 

Rust, origin of, 74, 77. 


S. 

Salts, action of, on iron, 96, 97, 98, roi, 
102. 

Saturated solutions, 34, 106, 107, 
Saturometer, use of, 103, 104. 

Scale, conductivity of, 40 

— prevention in boilers, 55 
Schloesing’s purifying process, 261. 
Schmitz’ decantation apparatus, 56, 

Scott’s purifying process, 266 
Scounng-waters, treatment of, 274, 299 
Sea water, 14, 34, 10 1. 

chloride of sodium in, 102, 105, 108. 

distillation of, 19 

purifying by distillation, 102, 105. 

electrogenes, 109- 

with caustic baryta, 112. 

lime, no, 116. 

sulphate of calcium in, 102, 107, 108. 

use of, in boilers, 102, 118. 

Seguy’s sterilising apparatus, 253. 

Settlers, Gaillet’s, 199-207. 

Sewage, chemical puri^ng of, 261-268, 
285, 290. 

— electrical treatment of, 253, 267, 269. 

— filtration of, 259, 262. 

— purifying by pyrites, 262, 263, 292. 
Silica in water, quantification of, 340. 


Silicates in water, tests for, 306, 
Silk-cleaning, water in, 129, 130. 
Silk-dyeing, recovery of tm in, 273. 

Sillar’s pun^ng process, 264, 

Sludge, drying apparatus for, 297. 

— utilisation of, 259, 265, 273, 279, 283, 

297, 299. 

Snow, 7- 

Soap, action of calcium carbonate on, 3, 
^33. 3 i 5- 

Soap-making, filter for, 235. 

— purifying water for, 13 1. 

Soap solution, standard 312, 313, 321, 323. 

— tests, 311, 313, 321. 

— waste of, in hard water, 133. 
Soap-works, recovery of glycerme in, 283. 
Soapy effluents, recovery of fats from, 277, 

281, 288, 292. 

treatment of, 273, 275, 278-299. 

Soda, purifying water with, 205, 212, 218, 

I .^^3* 

Sodium carbonate in textile industries, use 
i of, 130. 

I softening water with, 186, 189, 190. 

— chloride, action of, on iron, 97, loi. 

m photography, 144 

sea water, 102, 105, 108 

water, 4, 14, 34, loi. 

solubility o£, 30. 

treating soapy effluents with, 276. 

— salts in brewing, 173, 174, 175. 

— in water, quantification of, 343. 
tests for, 307 

— silicate as a boiler cleanser, 49, 53, 54 
Softening feed water by heat, 69. 

— water by precipitation, 52, 53, 54, 60, 

61, 65, 70. 

Solden’s filter, 243. 

Solution, co-efficient of, 22, 23, 104 

— laws of, 21. 

Solvent action of water, 2, g, ii, 21, 24, 27, 
32 

Spring water, 8, 15, loi- 
Steam, purifpog water by, 227-29. 

Steam separators, 117, 118 

— softening of feed water, 62, 63, 65-72. 
Sterilised water, 160, 178 

Steriliser, Blanc’s, 24S 

— Houdard’s, 249 

— Vaillard’s, 248. 

Sterilising by filtrat«on, 247. 

heat, 247-251, 

ozone, 252-256. 

permanganate of lime, 251. 

permanganate of potash, 251, 265. 

peroxide of chlorine, 252. 

— chemical, 251-56. 

— Seguy’s apparatus, 253. 

Sugar as a boiler cleanser, 46, 47 

— refining by osmosis, 154. 

filtenng water for, 15 1. 

magnesium chloride in, 153. 

preparing water for, 151, 153. 

testing water for, 153. 

water, in, 151. 

Sugar-boilers, encrustation of, 152 
Sugar-making, alkaline chlorides in, 152. 

— calcareous water in, 152. 

23 
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Sumt-waters, treatment of, 281, 

Sulphate feed waters, 53. 

— of iron in water, 3, 15, g8, 100. 

— waters in brewing, 171, 172, 173. 
Sulphates in water, quantification of, 335. 
tests for, 302. 

Sulphide of iron, purifying by, 271. 

— waters in photography, 144. 

Sulphides in water, tests for, 305. 
Sulphocyanides in water, tests for, 305. 
Sulphuretted hydrogen, action of, on iron, 

99, loi. 

in water, 10, 99, loi. 

Sulphuric acid, action of, on iron, 95, 96, 

lOI, 

Sulphurous acid, action of, on iron, gg, loi. 

treating soapy effluents with, 281, 

288, 293. 

Suspension of matter in water, 12, 34, 197. 
Suvern*s purifying process, 264. 


T. 

Talc, as a boiler cleanser, 43. 
Tannin-making, water in, 139. 

Tanning, preparing water for, 136. 

— feme salts in, 137 
Tannins as boiler cleansers, 45. 

Tar as a boiler cleanser, 44 
Temperature, effect of, on solubility, 24, 27, 
32, 103 

TromsdorfFs reagent for nitrous acid, 329. 


V. 

Vaillard’s steriliser, 248. 

Vohl’s treatment of soapy effluents, 275. 


W. 

Wash-waters, recovery of potash from, 274, 
280. 

Water, aeration of, ig. 

— analysis of, 300 

— and yeasts, iSo, 181. 

— bacteria in, 160, t6i, 162, 165, 176, 177, 

180, 181, 258. 

— chemical composition of, i, 5, 10, 21, 

159. 

— classification of, 5, 160. 

— corrosive action of, 30, 74-118. 

— distilled, 5, 16, 181, 300. 

— erosive action of, 10. 


Water, for malting, 164. 

unhairing hides, 135. 

— impurities in, i, 4, 5, 10, 16, 18, ig, 33, 

39, 74, 93, 94, 97, 99, 129, 140, 144, 
159, 160, 161, 258, 259, 262, 285. 

— industrial uses of, 4, 36, 37, 

— in cider-making, 161, 162. 

paper-making, 140-142. 

silk-cleanmg, 129, 130. 

sugar-refining, 15 1. 

tannin-making, 139, 

wood-extracts, 138. 

— lead-contamination of, 159, i6g. 

— preparing for photography, 143, 145, 

149, 150. 

tanning, 136. 

— purification of, by acids, 192. 

— purifying by filtration, 205, 207, 211, 

215, 220, 231, 247. 

for soap-making, 13 1 

with caustic al&is, 185. 

lime, 184, 205, 210, 212, 214, 217, 

220, 222. 

magnesia, 186, 187. 

— soda, 205, 212, 218, 223. 

— residuary, treatment of, 260, 271, 272. 

— softening by precipitation, 3, 24, 47, 

48, 49, III, 184, 186, 188, 230, 262. 

for laundry work, 134. 

with sodium carbonate, 186, i8g, 

190. 

— solvent action of, 2, 9, ii, 21, 24, 27, 

32. 

— sterilised, 160, 178. 

— suspension of matter in, 12, 34, 197 

— tests for acids in, 302, 303, 306. 
Webster's purifying process, 267. 

Well sinking, 9. 

Wood extracts, as boiler cleansers, 45, 46 
use of water in, 138 

— fibre filters, 207, 21 1. 

— shavings, boiler cleaning with, 45, 
Wool-working waters, treatment of, 274, 

277, 283, 299. 

— works, recovery of fats in, 277, 278, 281, 

282. 

Y. 

Yeasts, water and, 180, 181. 


Z. 

Zinc as a boiler cleanser, 43, 109. 
— in water, tests for, 308 
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Paints, Colours and Printing 

Inks. 

THE CHEMISTRY OP PIGMENTS. By Ernest J. Parry, 
B.Sc. (Lond.), RC.S , and J H. Costs, F.I.C., F C.S. Demy 

8vo. Five Illustrations. 285 pp. Price 10s 6d. net. (Post free, 
10s. lOd. home; 11s. 3d. abroad.) 

Contents. 

Introductory. Light— White Light— The Spectrum— The Invisible Spectrum— Normal 
Spectrum — Simple Nature of Pure Spectral Colour— The Recomposition of White Light — 
Primary and Complementary Colours— Coloured Bodies— Absorption Spectra — The Appli- 
cation of Pigments. Uses of Pigments Artistic, Decorative, Protective— Methods of 
Application of Pigments . Pastels and Crayons, Water Colour, Tempera Painting, Fresco, 
Encaustic Painting, Oil-colour Painting, Keramic Art, Enamel, Stained and Painted Glass, 
Mosaic — Inorganic Pigments. White Lead — Zinc White — Enamel White — Whitening — 
Red Lead— Litharge— Vermilion— Royal Scarlet— The Chromium Greens— Chromates of Lead, 
Zinc, Sliver and Mercuty — Brunswick Green — ^The Ochres— Indian Red — ^Venetian Red— 
Siennas and Umbers — Light Red — Cappagh Brown — Red Oxides — Mars Colours — Terre Verte 
— Prussian Brown — Cobalt Colours — Coeruleum — Smalt— Copper Pigments — Malachite — 
Bremen Green — Scheele's Green — Emerald Green — Verdigris — Brunswick Green — Non* 
arsenical Greens — Copper Blues — Ultramarine^ — Carbon Pigments — Ivory Black — Lamp Black 
— Bistre— Naples Yellow — Arsenic Sulphides Orpiment, Realgar— Cadmium Yellow— 
Vandyck Brown — Organic Pigments. Prussian Blue — Natural Lakes — Cochineal — Carmine 
—Crimson — Lac Dye — Scarlet — Madder — Alizarin — Campeachy — Quercitron — Rhamnus — 
Brazil Wood — Alkanet — Santal Wood — ^Archil — Coal-tar Lakes — RetT Lakes — Alizarin Com- 
pounds — Orange and Yellow Lakes — Green and Blue Lakes — Indigo — Dragon's Blood — 
Gamboge — Sepia — Indian Yellow, Puree— Bitumen, Asphaltum, Mummy — Index. 


THE MANUFACTURE OF PAINT. A Practical Handbook 
for Paint Manufacturers, Merchants and Painters By J Cruickshank 
Smith, B Sc Demy 8vo. 200 pp Sixty Illustrations and One Large 
Diagram. Price 7s 6d net. (Post tree, 7s. lOd. home , 8s abroad ) 

Contents. 

Preparation of Raw Material— Storing of Raw Material — Testing and Valuation of Raw 
Material — Paint Plant and Machinery — ^The Grinding of White Lead — Grinding of White 
Zinc — Grinding of other White Pigments — Grinding of Oxide Paints — Grinding of Staining 
Colours — Grinding of Black Paints — Grinding of Chemical Colours— Yellows— Grinding or 
Chemical Colours — Blues — Grinding Greens — Grinding Reds — Grinding Lakes— Grinding 
Colours in Water — Grinding Colours m Turpentine— The Uses of Paint — Testing and Matching 
Paints— Economic Considerations— I ndex 

DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By George H. Hurst, F.C.S. Demy 
8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home , 8s 6d abroad.) 

THE MANUFACTURE OF LAKE PIGMENTS PROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
P.I.C., F.C.S. Sixteen Coloured Plates, showingr Specimens of 
Eig^hly-nine Colours, specially prepared from the Recipes sriven 
in the Book. 136 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home; 8s abroad.) 

contents. 

The Groups of the Artificial Colouring Matters— The Nature and Manipulation of Artificial 
Colours — Lake-forming Bodies for Acid Colours— Lake-forming Bodies’ Basic Colours — Lake 
Bases — The Principles of Lake Formation — Red Lakes— Orange, Yellow, Green, Blue, Violet 
and Black Lakes— The Production of Insoluble Azo Colours in the Form of Pigments— The 
General Properties of Lakes Produced from Artificial Colours-i-Washing, Filtering and Fin- 
ishing-Matching and Testing Lake Pigments— Index 
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PAINTS, COLOURS, BTC.— continued. 

THE MANUFACTURE OF MINERAL AND T.ATTTe 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters* Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated by A. C. Wright, 
M.A. (Oxon.), B.Sc. (LrOnd,). Forty-three Illustrations. 476 pp., demy 
8 VO. Price 12s. 6d. net. (Post free, 13s- home ; 13s, 6d, abroad.) 

Contents. 

4 . 1 - — Physico-chemical Behaviour of Pigmentsr— Raw Materials Employed m 

the Manufacture of Pigments — ^Assistant Materials — Metallic Compounds— -The Manufacture 
of Minsr^ Pigments— The Manufacture of White Lead— Enamel White-Washing Apparatus 
—Zinc White — Yellow Mineral Pigments — Chrome Yellow— Lead Oxide Pigments— 
Other Yellow Pigments — Mosaic Gold— Red Mineral Pigments — The Manufacture of Ver- 
miliOT — Antimony Vermilion — Feme Oxide Pigments — Other Red Mineral Pigments — Purple 
or Cassius — Blue Mineral Pigments — Ultramarine — Manufacture of Ultramarine — Blue 
Copper Pigments— Blue Cobalt Pigments — Smalts — Green Mineral Pigments— Emerald 
Green — ^Verdigns — Chromium Oxide — Other Green Chromium Pigments — Green Cobalt Pig- 
ments — Green Manganese Pigments — Compounded Green Pigments — Violet Mineral Pig- 
ments — Brown Mineral Pigments — Brown Decomposition Products — Black Pigments — Manu- 
facture of Soot Pigments — Manufacture of Lamp Black— The Manufacture of Soot Black 
without Chambers — Indian Ink — Enamel Colours — Metallic Pigments — Bronze Pigments — 
Vegetable Bronze Pigments. 

Pigments of Organic Origin — Lakes^ — Yellow Lakes — Red Lakes — Manufacture of 
Carmine — The Colouring Matter of Lac — SafBower or Carthamme Red — Madder and 
Its Colouring Matters — Madder Lakes — Manjit (Indian Madder)— Lichen Colouring Matters — 
Red Wood Lakes — The Colouring Matters of Sandal Wood and Other Dye Woods — Blue 
Lakes— Indigo Carmine — ^The Colouring Matter of Log Wood — Green Lakes — Brown Organic 
Pigments — Sap Colours — Water Colours — Crayons — Confectionery Colours — The Preparation 
of Pigments for Painting — ^The Examination of Pigments — Examination of Lakes — ^The 
Testing of Dye-Woods — ^Thc Design of a Colour Works — Commercial Names of Pigments — 
Appendix Conversion of Metric to English Weights and Measures — Centigrade and P^renheit 
Thermometer Scales — Index. 

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 
SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist 350 pp Demy Svo. Price 7s. 6d. net (Post 
free, 8s. home , 8s 3d abroad.) 

Contents. 

Pigments or Colours for Paints, Lithographic and Letterpress Printing Inks, etc — 
Mixed Paints and Preparations for Paint-making, Painting, Lime-w ashing, Paperhanging,, 
etc — Varnishes for Coach-builders, Cabinetmakers, Wood-workers, Metal-workers, Photo- 
graphers, etc — Soaps for Toilet, Cleansing, Polishing, etc — Perfumes — Lubneatmg Greases, 
Oils, etc — Cements, Pastes, Glues and Other Adhesi\e Preparations — Writing, Marking, 
Endorsing and Other Inks — Sealing-w'ax and OfBce Requisites — Preparations for the Laundry , 
Kitchen, Stable and General Household Uses — Disinfectant Preparations — Miscellaneous 
Preparations — I ndex 

OIL COLOURS AND PRINTERS' INKS. By Louis 

Edgar Andies. Translated from the German 215 pp. Crown Svo. 
56 Illustrations. Price 5s. net (Post free, 5s. 4d home , 5s. 6d. abroad ) 

Contents. 

Linseed Oil — Poppy Oil — Mechanical Purification of Linseed Oil— Chemical Purification of 
Linseed Oil — Bleaching Linseed Oil — Oxidizing Agents for Boiling Linseed Oil — ^Theory of 
Oil Boiling — Manufacture of Boiled Oil — Adulterations of Boiled Oil — Chinese Drying Oil and 
Other Specialities — Pigments for House and Artistic Painting and Inks — Pigment for 
Printers’ Black Inks — Substitutes for I.ampblack — Machinery for Colour Grinding and 
Rubbing — Machines for mixing Pigments with the Vehicle — Paint Mills — Manufacture of 
House Oil Paints — Ship Paints — Luminous Pamt — Artists’ Colours — Printers’ Inks — 
VEHICLES— Printers’ Inks PIGMENTS and MANUFACTURE— Index. 

(S4« also Writing Inks, f. ii.) 

THREE HUNDRED SHADES FOR DECORATORS 
AND HOW TO MIX THEM. 

{See fage 28.) 
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PAINTS, COLOURS, ETC.— continued. 

CASEIN. By Robert Scherer. Translated from the German 
by Chas Salter Demy 8vo. Illustrated. 160 pp. Price 7s, 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad ) 

Contents. 

Casein : its Origin, Preparation and Properties. Various Methods of Preparing: 
Casein. Composition and Properties of Casein. Casein Paints.— “ Marble-jLtme " 
Colour for Outside Work— Casern Enamel Pamt— Casein Fa9ade Paint— Cold-Water Paint m 
Powder Form — Kistory’s Recipe for Casein Paint and Vai'nish — Pure Casein Paints for Walls, 
•etc — Casein Paints for Woodwork and Iron — Casein- Silicate Paints — Milk Paints— Casem- 
Silicate Paint Recipes— Troj el’s Boiled Oil Substitute— CaSomine Wash— Quick- Drying ' 
Casein Paint — Boiled Oil Substitute— Ring's Cold-Water Paint — Formolactm— Waterproof 
Paint for Playing Cards — Casein Colour Lake— Casern-Cement Paint. The Technics of 
Casein Painting. Casein Adhesives and Putties —Casein Glue m Plates or Flakes— 
Jeromin’s Casein Adhesive- Hall’s Casein Glue — Waterproof Glue — Liquid Casein Glue — 
Casein and Borax Glue — Solid Casein Adhesive — Casein Solution — Glue Powder — Casein 
Putties — ^Washable Cement for Deal Boards — Wenk’s Casein Cement — Casein and Lime Cement 
— “Pitch Barm”— Casein Stopping — Casein Cement for Stone, The Preparation of 
Plastic Masses from Casein — Imitation Ivory— Anti-Radiation and Anti-Corrosive Com- 
position — Dickmann’s Covering for Floors and Walls — Imitation Linoleum — Imitation 
Leather — Imitation Bone — Plastic Mass of Keratin and Casein — Insulating Mass — Plastic 
Casein Masses — Horny Casein Mass— Plastic Mass from Celluloid — Casein Cellulose Compo- 
sition — Fireproof Cellulose Substitute — Nitrocellulose and Casein Composition — Franquet’s 
Celluloid Substitute— Oalalith. Uses of Casein in the Textile Industry, for Finishing 
Colour Printing, etc. — Caseogum— “ Glutin *' — Casein Dressing for Linen and Cotton 
Fabrics— Printing Colour with Metallic Lustre — Process for Softening, Sizing and Loading- 
Fixing Casein and Other Albuminoids on the Fibre— Fixing Insoluble Colouring Matters — 
Waterproofing and Softening Dressing — Casein for Mercerising Cr6pe— Fixing Zmc White on 
Cotton with Formaldehyde — Casein-Magnesia — Casein Medium for Calico Printing — Loading 
Silk. Casein Foodstuffs. — Casein Food — Synthetic Milk — Milk Food — Emulsiftablc Casein 
— Casein Phosphate for Baking — Making Bread, Low m Carbohydrates, from Flour and Curd 
— Preparing Soluble Casein Compounds with Citrates— Casein Food Sundry Applications 
of Casein. — Uses of Casein in the Paper Industry — Metachromotype Paper — Si/mg Paper 
with Casein— Waterproofing Paper — Casein Solution for Coating Paper — Horn’s Clear Solu- 
tion of Casein — Water- and Fire-proot Asbestos Paper and Board-Paper Flasks, etc , for 
Oils and Fats — Washable Drawing and Writing Paper — Paper Wrappering for Pood, Cloth- 
ing, etc — Pamt Remover — Casein Photographic Plates — Wood-Ccmciit Roofing Pulp — Cask 
Glaze of Casein and Formaldehyde — Artists’ Canvas — Solidifying Mineral Oils— Uses of 
Casein m Photography — Casein Ointment — Clarifying Glue with Casein — Casein in Soap- 
making — Casein-Albumosc Soap — Casein m Sheets, Blocks, etc — Waterproof Casein 

SIMPLE METHODS FOR TESTING PAINTERS' 
MATERIALS. By A. C. Wright, M.A. (Oxon,), B.Sc. 
(Lond ). Crown 8vo 160 pp Price 5s. net. (Post free, 5s. 3d. 
home , 5s. 6d abroad ) 

Contents. 

Necessity for Testing — Standards — Arrangement — The Apparatus — The Reagents — 
Practical Tests— Dry Colours— Stiff Paints — Liquid and Enamel Paints — Oil Varnishes — 
Spirit Varnishes— Driers — Putty — Linseed Oil — ^Turpentine — Water Stains — The Chemical 
Examination — Dry Colours and Paints — White Pigments and Paints — Yellow Pigments and 
Paints — Blue Pigments and Paints — Green Pigments and Paints — Red Pigments and Paints — 
Brown Pigments and Paints — Black Pigments and Paints — Oil Varnishes — Linseed Oil — 
Turpentine. 

IRON - CORROSION, ANTI - FOULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German of 
Louis Edgar And^js. Sixty-two Illustrations 275 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, 10s. lOd. home, 11s. 3d. abroad.) 

Contents. 

Iron-rust and its Formation — Protection from Rusting by Pamt — Grounding the Iron with 
Linseed Oil, etc. — ^Testing Paints — Use of Tar for Painting on Iron — Anti-corrosive Paints — 
Linseed Varnish — Chinese Wood Oil — Lead Pigments — Iron Pigments — ^Artificial Iron Oxides 
— Carbon — Preparation of Anti-corrosive Paints — Results of Examination of Several Anti- 
corrosive Paints — Paints for Ship's Bottoms — ^Anti-fouling Compositions— Various Anti-cor- 
rosive and Ship’s Paints — Official Standard Specifications for Ironwork Paints— Index. 

THE TESTING AND VALUATION OP RAW MATE- 
RIALS USED IN PAINT AND COLOUR MANU- 
FACTURE. By M. W. Jones, F.C.S. A Book for the 
Laboratories of Colour Works. 88 pp. Crown 8vo. Price 5s. net. 
(Post free, 5s. 3d. home and abroad.) 
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Contents. 

Alummium Compouads — China Clay — Iron Compounds — Potassium Compounds — Sodium 
Compounds — Ammonium Hydrate — ^Acids — Chromium Compounds — ^Tin Compounds — Coi^p^ 
Compounds — Lead Compouads — Zmc Compounds — Manganese Compounds — Arscuuc 
Compounds — Antimony Compounds— Calcium Compounds — Banum Compounds — Cadnuum 
Commands — Mercury Compounds — Ultramarine — Cobalt and Carbon Compounds — Oils 

STUDENTS’ HANDBOOK OP PAINTS, COLOURS, OILS 
AND VARNISHES By John Purnell. Crown 8vo. 12 
Illustrations. 96 pp. Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Contents. 

Plant — Chromes — Blues — Greens — Barth Colours — Blacks — Reds — Lakes— Whites — 
Painters’ Oils — Turpentine— Oil Varnishes — ^Spirit Varnishes — Liquid Paints — Enamel Paints 

Varnislies and Drying Oils. 

OIL CRUSHING, REFINING AND BOILING, THE 
MANUFACTURE OF LINOLEUM, PRINTING AND 
LITHOGRAPHIC INKS, AND INDIA-RUBBER 
SUBSTITUTES. By John Geddes McIntosh. Being 
Volume 1. of the Second, greatly enlarged, English Edition, in three 
Volumes, of The Manufeicture of Varnishes and Kindred Industries,” 
based on and including the work of Ach. Livache. Demy 8vo. 150 pp. 
29 Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home, 8s. 
abroad ) 

Contents. 

Oil Crushing and Refining, Oil Boiling— Theoretical and Practical, Linoleum Manufacture, 
Printing Ink Manufacture; Rubber Substitutes; The Manufacture of Dners, The Detection 
of Adulteration m Linseed and other Drying Oils by Chemical, Physical and Organoleptic 
Methods. 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. And^s. Expressly Written 
for this Series of Special Technical Books, and the Publishers hold 
the Copyright for English and Foreign Editions Forty-two Illustra- 
tions. 342 pp. Demy 8vo Price 12s 6d net. (Post free, 13s home , 
13s 3d. abroad.) 

Contents. 

Properties of the Drying Oils , Cause of the Drying Property , Absorption of Oxygen , 
Behaviour towards Metallic Oxides, etc — ^The Properties of and Methods for obtaining the 
Drying Oils— Production of the Drying Oils by Expression and Extraction, Refining and 
Bleaching, Oil Cakes and Meal, The Refining and Bleaching of the Drying Oils, The 
Bleaching of Linseed Oil— The Manufacture of Boiled Oil, The Preparation of Drying Oils 
for Use in the Grinding of Paints and Artists’ Colours and in the Manufacture of Varnishes 
by Heating over a Fire or by Steam, by the Cold Process, by the Action of Air, and by Means 
of the Electric Current, The Driers used in Boiling Linseed Oil, The Manufacture of Boiled 
Oil and the Apparatus therefor , Livache’s Process for Preparing a Good Drying Oil ^d its 
Practical Application— The Preparation of Varnishes for Letterpress, Lithographic and Copper- 
plate Printing, for Oilcloth and Waterproof Fabrics The Manufacture of Thickened Linseed 
Oil, Burnt Oil, Stand Oil by Fire Heat, Superheated Steam, and by a Current of Air— ^haviour 
of the Drying Oils and Boiled Oils towards Atmospheric Influences, Water, Acids and 
— Boiled Oil Substitutes—! he Manufacture of Solid and Liquid Driers from Linseed Oil and 
Rosin , Linolic Acid Compounds of the Dners— The Adulteration and Examination of the 
Drying Oils and Boiled Oil 


Oils, Fats, Greases, Petroleum. 

LUBRICATING OILS, PATS AND GREASES: Their 

Origin, Preparation, Properties, Uses and Analyses. A Handbook for 
Oil Manufecturers, Refiners and Merchants, and the Oil and Fat 
Industry in General. By George H. Hurst, F.C.S. Second Revised 
and Enlarged Edition. Sixty-five Illustrations. 817 pp. Demy 8vo. 
Price 10s 6d. net. (Post tree, 11s. home; 11s. 3d. abroad.) 


Contents. , „ ^ ^ 

Introductory— Hydrocarbon Oils— Scotch Shale Oils— Petroleum— Veaetoble and 
Animal Oils-Testing and Adnlteratlon of Oils— Lubricating Greases— Lubrication- 
Appendices — Index. 
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TECHNOLOGY OP PETROLEUM: Oil Fields of the 
World — ^Their History, Geography and Geology — ^Annual Production 
and Development — Oil-well Drilling — Transport. By Henry Neu- 

BERGER and Henry Noalhat. Translated from the French by J. G. 
McIntosh. 550 pp. 153 Illustrations. 26 Plates. Super Royal 8vo. 
Price 21s, net. (Post free, 21s. 9d. home ; 23s. 6d abroad.) 

Contents. 

Study of the Petroliferous Strata, 

Excavations — Hand Excavation or Hand Digging of OU Wells. 

Methods of Boring. 

AccldentS"Bonng Accidents— Methods of preventing them— Methods of remedying them 
— Explosives and the use of the “Torpedo" Levigation — Storing and Transport of Petroleum 
— General Advice — Prospecting, Management and carrying on of Petroleum Boring Operations. 

General Data — Customary Form ulm— Memento. Practical Part, General Data 
bearing on Petroleum — Glossary of Technical Terms used m the Petroleum Industry— Copious 
Index. 

THE PRACTICAL COMPOUNDING OP OILS, TAL- 
LOW AND GREASE FOR LUBRICATION, ETC. 

By An Expert Oil Refiner. 100 pp. Demy 8vo. Price 7s 6d. 
net (Post free, 7s lOd. home, 8s abroad.) 

Contents. 

introductory Remarks on the General Nomenclature of Oils, Tallow and Greases 
suitable for Lubrication — Hydrocarbon Oils — Animal and Fish Oils— Compound 
Oils— Vegetable Oils— Lamp Oils— Engine Tallow, Solidified Oils and Petroleum 
Jelly— Machinery Greases: Loco and Anti-frictlon— Clarifying and Utilisation 
of Waste Fats, Oils, Tank Bottoms, Drainings of Barrels and Drums, Pickings 
Up, Dregs, etc.— The Fixing and Cleaning of Oil Tanks, etc.— Appendix and 
General Information. 

ANIMAL PATS AND OILS : Their Practical Production 
Purification and Uses for a great Variety of Purposes. Their Pro- 
perties, Falsification and Examination Translated from the German 
of Louis Edgar Andris. Sixty-two Illustrations. 240 pp. Second 
Edition, Revised and Enlarged. Demy 8vo. Price 10s 6d net. 
(Post free, 10s lOd home, Us. 3d abroad) 

Contents. 

Introduction — Occurrence, Origin, Properties and Chemical Constitution of Animal Fats — 
Preparation of Animal Fats and Oils — Machinery— Tallow-melting Plant— Extraction Plant 
— Presses— Filtering Apparatus— Butter Raw Material and Preparation, Properties, Adul- 
terations, Beef Lard or Remelted Butter, Testing— Candle-fish Oil— Mutton-Tallow— Hare 
Fat— Goose Fat — Neatsfoot Oil — Bone Fat Bone Boiling, Steaming Bones, Extraction, 
Refining — Bone Oil — Artificial Butter Oleomargarine, Margarine Manufacture in France, 
Grasso’s Process, “Kaiser’s Butter," Jahr & Mun^berg’s Method, Filbert’s Process, Winter’s 
Method — Human Fat — Horse Fat — Beef Marrow — Turtle Oil — Hog’s Lard Raw Material — 
Preparation, Properties, Adulterations, Examination — Lard Oil — Fish Oils- Liver Oils — 
Artificial Tram Oil — Wool Fat Properties, Purified Wool Fat — Spermaceti Examination- 
of Pats and Oils in General. 


THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner. Translated from the Sixth German Edition by 
Chas. Salter. 10 Illustrations. Crown 8vo. 170 pp. Price 7s. 6d.. 
net. (Post free, 7s. lOd home; 8s abroad.) 

Contents. 

The Manufacture of Lubricants and Greases — Properties of the Bodies used as Lubricants 
—Raw Materials for Lubricants— Solid Lubricants — Tallow Lubricants — Palm Oil Greases — 
Lead Soap Lubricants — True Soap Greases — Caoutchouc Lubricants— Other Solid Lubricants 
— Liquid Lubricants — Lubricating Oils m General — Refining Oils for Lubricating Purposes— 
Cohesion Oils — Resin Oils — Lubricants of Fat and Resin Oil — Neatsfoot Oil — Bone Fat — 
Lubricants for Special Purposes— Mineral Lubricating Oils — Clockmakers’ and Sewing Ma- 
chine Oils — ^The Aj^hcation of Lubricants to Machinery — Removing Thickened Giease and 
Oil— Cleaning Oil Rags and Cotton Waste— The Use of Lubricants — Shoe Polishes and 
Leathc^ Softening Preparations — ^The Manufacture of Shoe Polishes and preparations for 
Varnishing and Softening Leather — ^The Preparation of Bone Black — Blacking and Shoe 
Polishes— Leather VamisHes— Leather Softening Preparations — ^The Manufacture of Ddgras.. 
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THE OIL MERCHANTS’ MANUAL AND OIL TRADE 
READY* RECKONER. Compiled by Frank F. Shbrriff. 
Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904. 
With Two Sheets of Tables. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. 3d. abroad.) 

^ Contents. 

Ti^de Teitns and, Customs^Tables to Ascertain Value of Oil sold per cwt or ton— Specific 
Gravity Tables— Percentage Tare Tables — Petroleum Tables — Parafuteand Benzoline Calcu- 
— Customaty Drafts — ^Tables for Calculating Allowance for Dirt, Water, etc.— Capacity 
of Circular Tanks Tables, etc . etc. 

VEGETABLE FATS AND OILS : Their Practical Prepara- 
tion, Purification and Employment for Various Purposes, their Prc^per- 
ties. Adulteration and Examination. Translated from the German of 
Louis Edgar Andes. Ninety-four Illustrations. 340 pp. Second 
Edition. Demy 8vo. Price 10s. fid- net. (Post free, 11s. home: 
11s fid. abroad ) 

_ Contents. 

General Properties— Bstimatlon of the Amount of OU in Seeds— The Preparation 
of Vegetable Pats and Oils — Apparatus for Grinding Oil Seeds and Fruits — InstidlatiiMi 
of Oil and Pat Works— Extraction Method of Obtaining Oils and Pats— Oil Extraction 
Installations— Press Moulds— Non-drying Vegetable Oils— Vegetable drying Oils — 
Solid Vegetable Pats — Fruits Yielding Oils and Fats — ^Wool-softeningbils — Soluble Oils— 
Treatment of the Oil after Leaving the Press — Improved Methods of Refining — Bleaching 
Fats and Oils — Practical Experiments on the Treatment of Oils with regard to Refining and 
Bleaching — Testing Oils and Pats. 

Essential Oils and Perfumes. 

THE CHEMISTBY OF ESSENTIAL OILS AND ABTI- 
FICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lend.), F.LC , F.C S 411 pp 20 Illustrations. Demy 8vo. Price 
12s fid net. (Post free, 13s. home , 13s. fid. abroad.) 

Contents. 

The General Properties of Essential Oils— Compounds occurring in Essential Oils 
— The Preparation of Essential Oils— The Analysis of Essential Oils— Systematic 
Study of the Essential Oils— Terpeneless Oils— The Chemistry of Artificial Perfumes 
— ^Appendix : Table of Constants — Index. 

Soaps. 

SOAPS. A Practical Manual of the Manufacture of Domestic, 
Toilet and other Soaps. By George H Hurst, F.C.S. 390 pp. 
66 Illustrations Price 12s fid. net. (Post free, 13s. home, 13s, 6<1 
abroad ) 

Contents. 

Introductory — Soap-maker’s Alkalies — Soap Fats and Oils— Perfumes — Water as 
a Soap Material— Soap Machinery— Technology of Soap- making— Qlycerme in Soap 
Lyes— Laying out a Soap Factory— Soap Analysis— Appendices. 

TEXTILE SOAPS AND OILS. Handbook on the Prepara- 
tion, Properties and Analysis of the Soaps and Oils used in Textile 
Manufacturing, Dyeing and Printing. By George H. Hurst, F C S. 
Crown 8vo 195 pp. 1904. Price 5s net. (Post free, 5s. 4d home ; 
5s. fid. abroad ) 

Contents. 

Methods of Making Soaps— Hard Soap — Soft Soap. Special Textile Soaps— Wool 
Soaps — Calico Printers’ Soaps — Dyers’ Soaps. Relation of Soap to Water for Industrial 
Purposes— Treating Waste Soao Liquors — Boiled Off Liquoi>-Calico Printers and Dyers’ 

^D*^ VEGlS^BLE* OILS**AND FATS— Tallow— Lard— Bone Grease- 
Tallow Oil Vegetable Soap, Oils and Fats — Palm Oil — Coco-nut Oil — Olive Oil — Cotton- 
seed Oil— Linseed Oil— Castor Oil— Com Oil— Whale Oil or Tram Oil— Repe OiL 
GLYCERINE 

TEXTILE OILS— Oleic Acid— Blended Wool Oils— Oils for Cotton Dyeing, Printing and 
Fimshing— Turkey Red Oil— Alizanne Oil— Oleine— Oxy Turkey Red Oils— Sclujle OO-- 
Analysis of Turkey Red Oil— Finisher’s Soluble Oil— Finisher’s Soap Softenmg— Testing and 
Adulteration of Oils— Index. 
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Cosmetical Preparations. 

COSMETICS : MANUFACTURE, EMPLOYMENT 

AND TESTING OF ALL COSMETIC MATERIALS 
AND COSMETIC SPECIALITIES. Translated 

from the German of Dr. Theodor Koller Crown 8vo. 262 pp. 
Price 5s. net. (Post free, 5s. 4d. home , 5s. 6d. abroad.) 

Contents. 

Purposes and Uses of. and Ingredients used m the Preparation of Cosmetics—Preparation of 
Perfumes by Pressure, Distillation, Maceration, Absorption or Bnfleurage, and Extraction 
Methods — Chemical and Animal Products used in the Preparation of Cosmetics— Oils and Fats 
used in the Preparation of Cosmetics— General Cosmetic Preparations— Mouth Washes and 
Tooth Pastes — Hair Dyes, Hair Restorers and Depilatories — Cosmetic Adjuncts and 
Specialities — Colouring Cosmetic Preparations — ^Antiseptic Washes and Soaps— Toilet and 
Hygienic Soaps — Secret Preparations for Skin, Complexion, Teeth, Mouth, etc. — Testing and 
Examining the Materials Employed ,in the Manufacture of Cosmetics— Index. 


Glue, Bone Products and 
M^anures. 

GLUE AND GLUE TESTING. By Samuel Rideal, D Sc. 
(Lend.), F I.C. Fourteen Engravings i44 pp. Demy 8vo Price 
10s. 6d net. (Post free, 10s lOd. home, 11s. abroad.) 

Contents. 

Constitution and Properties: Definitions and Sources, Gelatine, Chondrm and Allied 
Bodies, Physical and Chemical Properties, Classification, Grades and Commercial Varieties 
—Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing and Clari- 
fying, Filter Presses, Water Supply, Use of Alkalteb, Action of Bacteria and of Antiseptics, 
Various Processes, Cleansing, Forming, Drying, Crushing, etc , Secondary Products — Uses 
of Glue: Selection and Preparation for Use, Carpentry, Veneering, Paper-Making, Book 
binding. Printing Rollers, Hectographs, Match Manufacture, Sanc^aper, etc , Substitutes for 
other Materials, Artificial Leather and Caoutchouc— Gelatine : General Characters, Liquid 
Gelatine, Photographic Uses, Sue, Tanno-, Chrome and Formo-Gelatine, Artificial Silk, 
Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medicinal and other Uses, 
Bacteriology — Glue Testlnv. Review of Processes, Chemical Examination, Adulteration, 
Physical Tests, Valuation or Raw Materials — Commercial Aspects. 


BONE PRODUCTS AND MANURES : An Account of the 
most recent Improvements m the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni- 
cal and Consulting Chemist Illustrated by Twenty-one Plans and 
Diagrams. 162 pp Demy 8vo. Price 7s, 6d net. (Post free, 7s lOd. 
home , 8s abroacl.) 

Contents. 

Chemical Composition of Bones— Arrangement of Factory— Properties of Glue — Glutini 
and Chondrm — Skin Glue — Liming of Skins — Washing— Boiling of Skins— Clarification of Glue 
Liquors— Glue-Boilmg and Clarifying-House — Specification of a Glue— Size— Uses and Pre- 
paration and Composition of Size — Concentrated Size — Properties of Gelatine — Preparation 
of Skin Gelatine— Drying— Bone Gelatine— Selecting Bones— Crushing — Dissolving— Bleaching 
—Boiling — Properties of Olutm and Chondrm — ^Testing of Glues and Gelatines — The Uses of 
Glue, Gelatine and Size in Various Trades— Soluble and Liquid Glues — Steam and Waterproof 
Glues — ^Manures — Importation of Food Stuffs — Soils — Germination — Plant Life — Natural 
Manures— Water and Nitrogen in Farmyard Manure— Full Analysis of Farmyard Manure 
— Action on Crops — ^Water-Closet System — Sewage Manure — Green Manures— Artificial 
Manures — Mineral Manures — Nitrogenous Matters— Shoddy — Hoofs and Horns — Leather- 
Waste — Dried Meat — Dried Blood — Superphosphates — Composition — Manufacture— Common 
Raw Bones — Degreased Bones — Crude Fat — ^Refined Fat — Degelatimsed Bones— Animal 
Chan:oal — Bone Superj^oaphates — Guanos— Dried Animal Products — Potash Compounds— 
Sulpl ate of Ammonia— Extraction n Vacuo— French and British Gelatines compared — Index. 
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Chemicals, Waste Products and 
Agricultural Chemistry. 


REISSUE OP CHEMICAL ESSAYS OF 0. W. 
SCHEELE. First Published in English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions. 300 
pp. DemySvo. Price5s.net. (Post free, Ss. 6d. home; 5s 9d. abroad.) 


Contents. 

his work (written for this edition by J. G. McIntosh)— On 
Mineral and its Acid—On Fluor Mineral— Chemical Investigation of Fluor Acid, 
Of ** Yields, by Mr. Wiegler— Additional Information 

v^ceming Fluor Mi^rals— On Manganese, Magnesium, or M^nesia Vitranwum — On 
A^nic and Its Acid— Re^te upon Salts of Benzoin— On Silcx, Clay and Alum— Analysis 
of the Calculus Vesical— Method of Preparing Mercunus Dulcis Via Humida— Cheaper and 
mo^ Convenient Method of Preparing Pulvis Algarothi — Experiments upon Molybdsena 
experiments on Plumbago— Method of Preparing a New Green Colour — Of the De- 
composi^on of Neutral Salts by Unslaked Lime and Iron — On the Quantity of Pure Air which 
IS Daily Present in our Atmosphere— On Milk and its Acid— On the Acid of Saccharum Lactis 
Cm the Constituent Parts of Lapis Ponderosus or Tungsten— Experiments Observations 

on Ether— Index 


THE MANUFACTURE OP ALUM AND THE SUL- 
PHATES AND OTHER SALTS OP ALUMINA AND 
IRON. Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Arts, Manufac- 
tures, Sanitary Engineering, Agriculture and Horticulture. Translated 
from the French of Lucien Geschwind. 195 Illustrations. 400 pp. 
Royal 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d abroad ) 

Contents. 

Theoretical Study of Aluminium, Iron, and Compounds of these Metals— 
Aluminium and its Compounds — Iron and iron Compounds 

Manufacture of Aluminium Sulphates and Sulphates of Iron — Manufacture of 
Aluminium Sulphate and the Alums — Manufacture of Sulphates of iron 

Uses of the Sulphates of Aluminium and Iron — Uses of Aluminium Sulphate and 
Alums— Application to Wool and Silk — Preparing and using Aluminium Acetates — Employment 
of Aluminium Sulphate m Carbonising Wool — ^The Manufacture of Lake Pigments — Manu* 
facture of Prussian Blue — Hide and Leather Industry — Paper Making— Hardening Plaster- 
Lime Washes— Preparation of Non-inflammable Wood, etc — Purification of \V aste Waters 
— Uses and Appheations of Ferrous Sulphate and Ferric Sulphates — Dyeing — Manu- 
facture of Pigments — Writing Inks — Purification of Lighting Gas — Agnculture — Cotton Dyeing 
— Disinfectant — Purifying Waste Liquors — Manufacture of Nordhausen Sulphuric Acid — 
Fertilising 

Chemical Characteristics of Iron and Aluminium — ^Analysis of Various Aluminous 
or Perru^nous Products — Aluminium — Analysing Aluminium Products — Alumte 
Alumina — Sodium Aluminate — ^Aluminium Sulphate — iron — ^Analytical Charactenstics of Iron 
Salts — Analysis of Pyntic Lignite — Ferrous and Feme Sulphates — Rouil Mordant — Index. 


AMMONIA AND ITS COMPOUNDS Their Manufacture 

and Uses By Camille Vincent, Professor at the Central School of 

Arts and Manufactures, Pans. Translated from the French by M. J. 

Salter. Royal 8vo. 1 14 pp Thirty-two Illustrations. Pnee 5s. net. 

(Post free, 5s. 4d home , 5s. 6d. abroad.) 

Contents. 

General Consideratiotis : Various Sources of Ammoniacal Products, Human Urine 
as a Source of Ammonia— Extraction of Ammoniacal Products from Sewage- 
Extraction of Ammonia from Gas Liquor — Manufacture of Ammoniacal Com- 
pounds from Bones, Nitrogrenous Waste, Beetroot Wash and Peat— Manufacture of 
Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate— Recovery 
of Ammonia from the Ammonia-Soda Mother Liquors— Index. 
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INDUSTEIAL ALCOHOL. A Practical Manual on the 
Production and Use of Alcohol for Industrial Purposes and for Use as 
a Heating Agent, as an Illuminant and a» a Source of Motive Power. 
By J. 0. JVtIntosh, Lecturer on Manufacture and Applications of 
Industrial Alcohol at The Polytechnic, Regent Street, London. 
Demy Svo. 1907. 250 pp With 75 Illustrations and 25 Tables- 
Pricc 7s, 6d. net. (Post free, 7«. 9d. home ; abroad.) 


contents. 

Alcohol and Its Properties. ^Ethyhc Alcohol -Abnolute Alcohol— Adulterationfi— 
Properties of Alcohol— Hi actional Distillation ^Destructive DlstillatUm Products of Com" 
bustJon—Alcobolometry— Proof Spirit— Analy.sis of Alcohol— Tal>lo showina Correspondence 
between the SpeeUlc Gravity and Per Cents, of Alcohol over and under Proof— Other 
Alcohol Tables. Continuous Aseptic and Antiseptic Permentatlon and Sterilisation 
In Industrial Alcohol Manufacture. The Manufacture of Industrial Alcohol from 
Beets.— Beet Slicing Machines— lixtractlon of Bert Juice by Mucerution. bv Diffusion— 
Fermentation in Beet Distilleries -Plans of Modern Beet Distdlerv. The Manufacture of 
Industrial Alcohol from Grain.— Plan of Modern Grain Distillery, The Manufacture of 
Industrial Alcohol from Potatoes. The Manufacture of Industrial Alcohol from 
Surplus Stocks of Wine, Spoilt Wine, Wmo Marcs, uml from hVult in General. The Manu- 

for the 

Patent '' 

Fectification of Spent Wash. The Manufacture and Uses of Various Alcohol 
Derivatives, Ether, Haloid RtherH, Compound Kthera, Chloroform— Methyl .md Amyl 
Alcohols and their Ethereal Salts, Acetone— Barbet’n Btlier, Methyl Alcohol and Acetone 
Rectifying Stills, The Uses of Alcohol In Manufactures, etc - I-ist of InduHtnes m 
which Alcohol m used, with Key to Function of Alcohol in each Industry. The Uses of 
Alcohol for Lighting, Heating, and Motive Power. 


ANALYSIS OP RESINS AND BALSAMS. Translated 
from the German of Dr. Karl Diktkuich Demy Svo. 340 pp. 
Price 7s. 6d. net. (Post free, 78. lOd, home ; Ss. 3d, abroad ) 

MANUAL OP AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, Lecturer on Agricultural Chemistry, the 

Yorkshire College; Lecturer in the Victoria University. 388 pp 11 
Illustrations. Demy Bvo. Price 7 h. (>d. net (Post free, 8s home; 
8s 6d. abroad.) 

Contents. 

Introduction— The AlmoHpherc -The Soil— Dio Reactions ociiurmg in Soils -The 
Analysis of Soils— Manures, Natural— Manures (uonunued) The Ana!>sih of Manureh -The 
Constituents of Plants— The Plant— Crops —The Animal Foods and Feeding- -Alilk and Milk 
Products— The Analysis of Milk and Milk Producis- Miscellaneoim Products used in Agri- 
culture-Appendix — Index, 

THE UTILISATION OP WASTE PRODUCTS. A T rcatise 
on the Rational Utilisation, Recovery and Treatment of Waste Pro- 
ducts of all kinds. By Dr. Theodor Koller Translated from the 
Second Revised German Edition. Twenty -two lUustrutions Demy 
Svo. 280 pp. Price 7s. 8d. net. (Post free, 7s, lOd. home , 8s. 3d. 
abroad ) 

Contents. 

The Waste of Towns— Ammonia and Sal-Ammoniac- Rational Processes for Obtaining 
these Substances by Treating Residues and Waste— Residues in the Manufacture of Aniline 
Dyes— Amber Waste— Brewers’ Waste— Blood and Slaughter-Houne Refuse— Manufactured 
Fuels— Waste Paper and Bookbinders’ Waste— Iron Slags— Excrement— Colouring Matters 
from Waste — Dyers’ Waste Waters— Fat from Waste— Fish Waste— Calamine Sludge- 
Tannery Waste— Gold and Silver Waste— India-rubber and Caoutchouc Waste— Residues in 
the Manufacture of Rosin Oil— Wood Waste— Horn Waste— Infusorial Earth— Iridiurn from 
Goldsmiths’ Sweepings— Jute Waste— Cork Waste— Leather Waste— Glue Makers’ Waste 
—Illuminating Gas from Waste and the By-Products of the Manufacture of Coal Gas— 
Meerschum— Molasses— Metal Waste— By-Products in the Manufacture of Mineral Waters 
—Fruit— The By-Products of Paper and Paper Pulp Works— By-Products in the Treatment 
of Coal Tar Oils — Fur Waste— The Waste Matter m the Manufacture of Parchm^t Paper 
—Mother of pearl Waste— Petroleum Residues— Platinum Residues— Broken Porcelain. 
Earthenware and Glass— Salt Waste— Slate Waste— Sulphur— Burnt I^rites— Silk Wast^ 
Soap Makers* Waste— Alkali Waste and the Recovery of Soda— Waste Produced in Grinding 
Mirrors— 'Waste Products in the Manufacture of Starch— Stearic Acid— Vegetable Ivory 
Waste— Turf— Waste Waters of Cloth Factories— Wine Residues— Tinplate Waste— Wool 
Waste— Wool Sweat— The Waste Liquids from Sugar Works — Index, 
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Writing Inks and Sealing Waxes. 

IVtANUPACTURE : Including Writing, Copying, Litho- 
graphic, Marking, Stamping, and Laundry Inks. By Sigmund Lehnbr. 
Three Illustrations. Crown 8vo. 162 pp. Translated from the German 
of the Fifth Edition. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. 
abroad.) 

Contents. 

£ of Ink — Writing Inks — Raw Materials of Tannin Ink&— The Chemical Constitutioa 

or the Tannin Inks — Recipes for Tannin Inks — Logwood Tannin Inks-^ — Feme Inks — Alizanne 
Inks— Extmet Inks— Logwood Inks— Copying Inks— Hektographs— Hektograph Inks^— Safety 
gite— Ink Extracte Powders — Preserving Inks— Chaises in Ink and the Restoration of 

Faded Writing— -Coloured Inks — Red Inks — Blue Inks — ^Violet Inks — Yellow Inks — Green 
Metallic Inks — Indian Ink — Lithographic Inks and Pencils— Ink Pencils— Miu*king Inks 
—Ink Specia lities — Sympathetic Inks — Stamping Inks— Laundry or Washing Blue— Index 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 
SHOP AND FACTORY. By H. C. Standage. Crown 
8vo. 96 pp. Price 5s net, (Post free, 5s. 3d home ; 5s 6d. abroad.) 

Contents. 

Materials Used for Making Sealing-Waxes — ^The Manufacture of Sealing-Waxes — 
Wafers — Notes on the Nature of the Materials Used in Making Adhesive Compounds — Cements 
for Use in the Household — Office Gums, Pastes and Mucuages — Adhesive Compounds for 
Factory and Workshop Use. 


Lead Ores and Compounds. 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist Demy 8vo. 226 pp. Forty Illus- 
trations Price 7s 6d net (Post free, 7s. lOd. home , 8s 3d. abroad.) 

Contents. 

History — Ores of Lead — Geographical Distribution of the Lead Industry — Chemical and 
Physical Properties of Lead — ^Alloys of Lead — Compounds of Lead — Dressing of Lead Ores 
— Smelting ot Lead Ores — Smelting m the Scotch or American Ore-hearth — Smelting in the 
Shaft or Blast Furnace — Condensation of Lead Fume — Desilvensation, or the Separation 
of Sliver from Argentiferous Lead— Cupellation — The Manufacture of Lead Pipes and 
Sheets — Protoxide of Lead — Litharge and Massicot — Red Lead or Minium — Lead Poisoning 
— Lead Substitutes — Zinc and its Compounds — Pumice Stone — Drying Oils and Siccatives 
— Oil of Turpentine Resin — Classification of Mineral Pigments — Analysis of Raw and Finished 
Products — Tables — I ndex 


NOTES ON LEAD ORES Their Distribution and Properties. 
By Jas Fairie, F.G S Crown 8vo. 64 pages. Price 2s 6d. net. 
(Post free, 2s 9d home, 3s. abroad )J 


Industrial Hygiene. 

THE RISKS AND DANGERS TO HEALTH OP VARI- 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A Parry, M.D., B Sc. (Lond.). 196 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Occupations which are Accompanied by the Generation and Scattering of Abnormal 
Quantities of Dust— Trades in which there is Danger of Metallic Poisoning— Certain Chemi- 
cal Trades— Some Miscellaneous Occupations— Trades in which Various Poisonous Vapours 
are Inhaled — General Hygienic Considerations— Index. 



Industrial Uses of Air, Steam and 

Water. 

DRYING BY MEANS OP AIR AND STEAM. Explana- 
tions, Formula:, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand. Two folding Diagrams and Thirteen Tables. 
Crown 8 vo, 72 pp. Price 5s. net, (Post free, Ss, 3d. home , 5s. 6 d.. 
abroad ) 

Contents. 

British and Metric Systems Compared— -Centigrade and Fahr Thermometers-— Estimation 
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo,, 
of Air at Different Pressure and Temperatures— Calculation of the Necessary Weight and 
Volume of Air, and of the Least Expenditure of Heat, pet Drying Apparatus with Heated 
Air, at the Atmospheric Pressure A, With the Assumption that the Air is Conplctely Satuf’ 
aUd with Vapour both before Entry and after Exit from the Apparatus—^, When the 
Atmospheric Air is Completely Saturated before entry ^ but at its exit is only 4 or i Saturated 
— C, When the Atmospheric Air is not Saturated with Moisture before Entenni^; the Drying. 
Apparatus-Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially 
Created, Higher or Lower than that of the Atmosphere — Drying by Means of Superheated 
Steam, without Air— Heating Surface, Velocity of the Air Current, Dimensions of the Drying 
Room, Surface of the Drying Material, Losses of Heat— Index 

also “ Evaporahnf^t Condensing and Cooling Apparatus, p, 26 ) 


PURE AIR, OZONE AND WATER. A Practical Treatise 
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries By W. B. Cowell Twelve Illustrations Crown 
8 vo 85 pp. Price 5s net. (Post free, 5s, 3d home , 5s. 6 d abroad )- 

Contents. 

Atmospheric Air ; Lifting of Liquids, Suction Process , Preparing Blown Oils, Preparing 
Siccative Drying Oils — Compressed Air , Whitewash — Liquid Air, Retrocession — Purification 
of Water, Water Hardness — Fleshings and Hones — 0/oniseii Air in the Bleaching and De- 
odorising of Fats, Glues, etc., Bleaching Textile Fibres— Appendix Air and Gases, Pressure 
of Air at Various Temperatures , Fuel, Table of Combustibles, Saving of Fuel by Heating 
Feed Water, Table of Solubilities of Scale Making Minerals, British Thermal Units Tables , 
Volume of the Flow of Steam into the Atmosphere, Temperature of Steam — Index 


THE INDUSTRIAL USES OP WATER. COMPOSI- 
TION — EFFECTS— TROUBLES — REMEDIES— RE-^ 
SIDUARY WATERS— PURIFICATION-ANALYSIS. 

By H. DE LA Coux Royal 8 vo Translated from the French and 
Revised by Arthur Morris 364 pp 135 Illustrations Price 10s. 6 d. 
net (Post free, 11s home; 11s. 6 d abroad) 

Contents. 

Chemical Action of Water in Nature and in Industrial Use — Composition of Waters — 
Solubility of Certain Salts in Water Considered from the Industrial Point of View— Effects on 
the Boiling of Water — Effects of Water m the Industries— Difficulties with Water — Peed 
Water for Boilers— Water m Dyeworks, Print Works, and Bleach Works— Water in the 
Textile Industries and in Conditioning— Water in Soap Works — Water in Laundries and 
Washhouses— Water m Tanning— Water in Preparing Tannin and Dyewood Extracts— Water 
in Papermaking — ^Water in Photography— Water in Sugar Refining— Water in Making Ices 
and Beverages — Water in Cider Making— Water in Brewing — Water in Distilling— Preliminary 
Treatment and Apparatus— Substances Used for Preliminary Chemical Purification— Com- 
mercial Specialities and their Employment— Precipitation of Matters in Suspension m Water 
— ^Apparatus for the Preliminary Chemical Purification of Water — Industrial Filters — Indus- 
trial Sterilisation of Water — Residuary Waters and their Purification-— Soil Filtration — 
Purification by Chemical Processes— Analyses — Index. 

(See Books on Smoke Prevention, Engineering and Metallurgy, p, 26, etc*) 
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X Rays. 

PRACTICAL X RAY WORK. By Prank T. Addyhan, 

B Sc. (Lond.), F.I.C., Member of the Roentgen Society of London; 
Radiographer to St. George’s Hospital, Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George’s Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6d. net. (Post free, 
10s lOd. home; 11s. 3d. abroad ) 

Contents. 

Historical — Work leading up to the Discovery of the X Rays — The Discovery — Appara- 
tus and its Management — Electrical Terms — Sources of Electricity — Induction Coils — 
Electrostatic Machines — ^Tubes — Air Pumps — Tube Holder and Stereoscopic Apparahj® — 
Fluorescent Screens — Practical X Ray Work — Installations — Radioscopy — Radit^raphy — 
X Rays in Dentistry—X Rays in Chemistry— X Rays m War— Index. 

List of Plates. 

Fronttspiece — Congenital Dislocation of Hip-Joint — I, Needle m Finger. — II., Noedte in 
Foot— III., Revolver Bullet in Calf and Le^. — IV, A Method of Localisation — V , Stellate 
Fracture of Patella showing shadow of “ Strapping ” — ^VI , Sarcoma — ^VII., Six-we«k^ld 
Injury to Elbow showing new Growth of Bone — ^VIII , Old Fracture of Tibia and Fibula 
badly set — IX., Heart Shadow — X , Fractured Femur showms Gram of Splint — ^XI . Bar- 
ren's Method of Localisation. 


India-Rubber and Gutta Percha. 

INDIA-RUBBER AND GUTTA PERCHA. Translated 
from the French of T. Seeligmann, G. Lamy Torvilhon and H. 
Falconnet by John Geddes McIntosh. Royal 8vo. 

[Out ofpnnt. Second Edition in pnparation. 

Contents. ^ ^ , 

India-Rubber— Botanical Origin— Climatology— Soil— Rational Culture and \cclimation 
of the Different Species of India-Rubber Plants — Methods of Obtaining the Latex Methods 
of Preparing Ra^\ or Crude India-Rubber— Classification of the Commercial Species of 
Raw Rubber— Physical and Chemical Properties of the Latex and of India-Kubl^r— 
Mechanical Transformation of Natural Caoutchouc into Wash^ or Norm^ Caoutchouc 
(Purification) and Normal Rubber into Masticated Rubber— Softening, Cutting, \\ashi^. 
Drying— Preliminary Observations— Vulcanisation of Normal 5“^5»«'^Chemmal 
Properties of Vulcanised Rubber-General Considerations-Hardened 
ConLderations on Mineralisation and other Mixtures-^oloration 

of Natural or Normal Rubber and Vulcanised Rubber— Rubber Substitutes-I^tion^bber 
Gutta Percha— Botanical Origin— Climatology— Soil— Rational ^ otT 1 

Collection— Classification of the Different Species of Com^rcial ^ 

and Chemical Properties— Mechanical Transformation— Methods of Analysing Gutta Percha 
Substitutes — Index 


Leather Trades. 


PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. Translated by Frank T. 
Addyhan, B.Sc. (Lend.), F I C., F C S , and Corrected by an Emi- 
nent Member of the Trade. 500 pp.. roy^ 8vo 123 Illustrations. 
Price 21s net (Post free, 21s. 6d home , 22-5. 6d abroad.) 
Contents. 

and its Structure Skins 

^S%rU.e*’D^^u“T^^TT^mnircfw Hides. Horse I^ies; Goat siins; Hanu- 
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factupe of Split Hides— On Various Methods of Tanning Mechanical Methods Physical 
Methods; Chemical Methods, Tanning with Extracts— Quantity and Quality, Quantity 
Net Cost, Quality of Leather — Various Manipulations of Tanned Leather Second Tanning’ 
Grease Stains, Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather 
Preservation of Leather — Tanning Various Skins ^ 

Part III, Currying — Waxed Calf Preparation; Shaving, Stretching or Slicking* 
Oiling the Oram , Oiling the Flesh Side, Whitening and Graining, Waxing, Finishing Dry 
Finishing; Finishing in Colour, Cost— White Calf Finishing in White— Cow Hide for 
Upper Leathers. Black Cow Hide, White Cow Hide, Coloured Cow Hide— Smooth Cow 
Hide— Black Leather— Miscellaneous Hides Horse , Goat , Waxed Goat Skin Matt Goat 
Skin— Russia Leather Russia Leather, Artificial Russia Leather. 

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Purs 
and Artificial Leather — Enamelled Leather Varnish Manufacture, Application of the 
Enamel. Enamelling in Colour— Hungary Leather* Preliminary; Wet Work or Prepara- 
tion; Alummg, Dressing or Loft Work; Tallowing, Hungary Leather from Various Hides 
—Tawing Preparatory Operations , Dressing , Dyeing Tawed Skins , Rugs— Chamoy Leather 
—Morocco Preliminary Operations, Morocco Tanning; Mordants used in Morocco Manu- 
facture, Natural Colours used m Morocco Dyeing, Artificial Colours, Different Methods 
of Dyeing; Dyeing with Natural Colours; Dyeing with Aniline Colours, Dyeing with 
Metallic Salts, Leather Printing, Finishing Morocco, Shagreen; Bronzed Leather— Gilding 
and Silvering Gilding, Silvering, Nickel and Cobalt — Parchment — Furs and Furriery. 
Preliminary Remarks, Indigenous Furs, Foreign Furs from Hot Countries, Foreign Furs 
from Cold Countries , Furs from Birds’ Skins , Preparation of Furs , Dressing , Colouring 
Preparation of Birds’ Skins , Preservation of Furs — Artificial Leather Leather made from 
Scraps, Compressed Leather, American Cloth, Papier Mfi.ch6, Linoleum, Artificial Leather. 

Part V., Leather Testing and the Theory of Tanninj^-Tcsting and Analysis of Leather 
Physical Testing of Tanned Leather, Chemical Analysis— The Theory of Tanning and the 
other Operations of the Leather and Skin Industry Theory of Soaking, Theory of Un- 
hairing; Theory of Swelling, Theory of Handling, Theory of Tanning, Theory of the 
Action of Tannin on the Skin, Theory of Hungary Leather Making, 'Theory of Tawing, 
Theory of Chamoy Leather Making, Theory or Mineral Tanning. 

Part VI , Uses of Leather— Machine Belts Manufacture of Belting , Leather Cham 
Belts; Various Belts, Use of Belts— Boot and Shoe-making Boots and Shoes, Laces— 
Saddlery Composition of a Saddle , Construction of a Saddle— Harness The Pack Saddle ; 
Harness— Military Equipment— Glove Making— Carriage Building— Mechanical Uses 

Appendix, The World’s Commerce In Leather— Europe, America, Asia, Africa; 
Australasia— Ind ex 

THE LEATHER WORKER’S MANUAL. Being a Com- 
pendium of Practical Recipes and Working Formulze for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standage. Demy 8vo. 165 pp. 
Price 7s. 6d net, (Post free, 7s. lOd home , 8s abroad.) 

ContEnls* 

Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather- 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Pow'ders and 
Liquids, etc , etc. — Leather Grinders’ Sundries— Currier’s Seasonings, Blacking Compounds, 
Drassmgs, Finishes, Glosses, etc— Dyes and Stains for Leather— Miscellaneous Information 
—Chrome Tannage— Index. 


Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OP PRACTICAL POTTING. Compiled 

by Experts, and Edited by Chas. F. Binns. Revised Third Edition 
and Enlarged. 200 pp. Price 17s. 6d. net. (Post free, 17s. lOd. home ; 
' 18s. 3d. abroad.) 

ContcntSa 

Introductloiu The Rise and Progress of the Potter’s Art — Bodies. China and Porcelain 
Bodies, Parian Bodms, Semi-porcelain and Vitfeous Bodies, Mortar Bodies, Earthenwares 
Granite and C C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured 
Bodies, Jasper Bcmies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, Body 
Stains, Coloured Dips— Glazes. China Glazes, Ironstone Glazes, Earthenware Glazes, 
Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours— Gold and 
Uold Comurs. pold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases, 
Enamel Colour Fluxes, Bn^el Colours, Mixed Enamel Colours, Antique and Vellum 
Enam^ Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Su i Oils and Varnishes — Means and Methods. Reclamation of Waste Gold, 

The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold— Classification and 
Anal3^is. Classification of Clay Ware, Lord Pla^^air's Analysis of Clays, The Markets of 
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Firing, Weights of Potter’s MatenaJ, Decorated Goods 
^unt~Comparative Loss of Wi‘^ht <3 CIays^!»otmd Felspar CahSations— The Convert 
pSmi and w ^/y Weight— ']Je Cost of Separcd Barthenwarc^y- 

Ta^ Manufacturer’s Guide to Stocktaldng, 

of ^tter’s Materials, Hourly Wages Tabic, Woitem’s 
r«d Earthenware and China Manu^Sirera m the use of Slop Fli^ 

cSnvlISfon rt?"iSof apphed to Earthenware and China Goods, Table for the 

Conversion of Metrical Weights and Measures on the Continent and South America— Index. 


CiERAMIC TECHNOLOGY. Being some Aspects of Tech- 
nic^ Science as Applied to Pottery Manufacture. Bdited by Charles 
irt 100 pp Demy 8vo. Price I2s. 6d. net. (Post free, 

12s. lOd home ; 13s. abroad ) 


n - cjontenis. 

Preface— The Chemistry of Pottery — Analysis and Synthesis — Clays and their Com- 
ponents— The Bi^uit Oven — Pyromctry — Glazes and their Composition — Colours and 


A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Bmilb 
Bourry Translated from the French by Wilton P. Rix, Examiner 
m Pottery and Porcelain to the City and Guilds of London Technical 
Institute, Pottery Instructor to the Hanley School Board. Royal 
8vo. 760 pp. 323 Illustrations. Price 21s. net. (Post free, 22s. home : 
24s. abroad.) 

Contents* 

^^*^1 > General Pottery Methods. Defiaition and History. Definitions and Classifi- 
cation of Ceramic Products — Histone Summary of the Ceramic Art — Raw iMatenals of 
Bodies. Clays Pure Clay and Natural Clays— Vanous Raw Materials Analogous to Clay— 
A@lomcrati\e and Agglutinative— Opening— Fusible— Refractory— Trials of l^w Materials 
— Plastic Bodies. Properties and Composition — Preparation of Raw Matenals* Dissaggrega- 
tion—Punfication— Preparation of Bodies • By Plastic Method— By Dry Method— By Liquid 
Method— Formation Processes of Formation Throwing— Expression— Moulding by Hand 
on the Jolley, by Compression, by Slip Casting — Slapping — Slipping — Drying Drying of 
Belies— Processes of Drymg By Evaporation— By Aeration- By Heating— By Ventilation 
— By Absorption — Glazes Composition and Properties — Raw Matenals — Manufacture 
and Application— Firing, Properties of the Bodies and Glazes during Firing — Descnption 
of the Kilns — Working of the Kilns — Decoration. Colounng Matenals — Processes of 
Decoration 


Part II., Special Pottery Methods. Terra Cottas. Classification Plain Ordinary, 
Hollow, Ornamental, Vitnfied, and Light Bncks — Ordinary and Black Tiles — Paving Tiles — 
Pipes — Architectural Terra Cottas — Vases, Statues and Decorative Objects — Common Pottery 
—Pottery for Water and Filters — Tobacco Pipes — Lustre Ware — Properties and Tests for 
Terra Cottas — Fireclay Goods. Classification Argillaceous, Aluminous, Carboniferous, 
Silicious and Basic Fireclay Goods— Fireclay Mortar (Pug) — Tests for Fireclay Goods — 
Faiences Varnished Faiences — Enamelled Faiences — Silicious Faiences — Pipieclay Faiences 
— Pebble Work — Feldspathic Faiences — Composition, Processes of Manufacture and General 
Arrangements of Faience Potteries — Stoneware Stoneware Properly So-called Paving 
Tiles— Pipes — Sanitary Ware — Stoneware for Food Purposes and Chemical Productions — 
Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine Stoneware 
— Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, for Electrical 
Conduits, for Mechanical Purposes , Architectural Porcelain, and Dull or Biscuit Porcelain — 
Soft Phosphated or English Porcelain — Soft Vitreous Porcelain, French and New Sevres- 
Argillaceous Soft or Seg^r’s Porcelain — Dull Soft or Parian Porcelain — Dull Feldspathic 
Soft Porcelain — Index 


POTTERY DECORATING. By R Hainbach Translated 

from the Gennan. Crown 8vo 22 Illustrations. Deals with Glazes, 
Colours, etc. [/» the Press. 


ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 

melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware By Leon Lefevre. 
With Five Plates 950 Illustrations in the Text, and numerous estimates. 
500 pp., royal 8vo. Translated from the French by K. H Bird, M.A., 
and W. Moore Binns. Price 15s. net. (Post free, 15s. 6d. home; 
16s. 6d. abroad.) 

Contents. 

Part I. Plain Undecorated Pottery.— Clays, Bricks, Tiles, Pipes, Chimney ] Flues, 
Terra-cotta. 

Part 11. Made-up or Decorated Pottery. 
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THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarth. Second Edition. 

Paper Cover. Price Is. net; by post, home or abroad, Is. Id. 

NOTES ON POTTERY CLAYS. Their Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 132 pp Crown 8vo. Price 3s. 6d. 
net. (Post free, 3s. 9d. home ; 3s. lOd abroad.) 

A Reissue of 

THE HISTORY OP THE STAFFORDSHIRE POTTER- 
IES; AND THE RISE AND PROGRESS OP THE 
MANUFACTURE OP POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 

Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd home ; 8s. 3d. abroad.) 

Contents. 

Introductory Chapter showing the position of the Pottery Trade at the present time 
(1899)->-Prelitninai7 Remarks— The Potteries, comprising Tunstall, Brownhills, Green- 
field and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Longport and Dale Hall, 
Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, Fenton, Lane Delph, 
Foley, Lane End— On the Origin of the Art, and its Practice among the early Nations— 
Manufacture of Pottery, prior to 1700— The Introduction of Red Porcelain by Messrs 
Elers, of Bradwell, 1690— Progress of the Manufacture from 1700 to Mr. Wedgwood’s 
commencement m 1760— Introduction of Fluid Glaze— Extension of the Manufacture of 
Cream Colour — Mr Wedgwood’s Queen’s Ware— Jasper, and Appointment of Potter to Her 
Majesty— Black Printing— Introduction of Porcel^n. Mr W Littler’s Porcelain— Mr 
Cookworthy ’s Discovery of Kaolin and Petuntse, and Patent — Sold to Mr. Champion— re- 
sold to the New Hall Com.— Extension of Term— Blue Printed Pottery. Mr. Turner, Mr, 
Spode (1), Mr. Baddeley, Mr. Spodc (2), Messrs Turner, Mr Wood, Mr. Wilson, Mr. Minton- 
Great Change in Patterns of Blue Printed— Introduction of Lustre Pottery. Improve- 
ments in Pottery and Porcelain subsequent to 1800. 

A Reissue of 

THE CHEMISTRY OP THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 
(Originally published m 1837 ) 750 pp. Royal 8vo. Price 14s net. (Post 
free, 15s home , 17s. abroad.) 

Glassware, Glass Staining and 
Painting. 

RECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Crown 8vo. Price 10s 6d net. (Post free, 10s. 9d. 
home, 10s lOd abroad.) 

Contents. 

Ruby— Ruby from Copper— Flint for using with the Ruby for Coating — German Metal — 
Cornelian, or Alabaster— Sapphire Blue— Crysophis— Opal— Turquoise Blue— Gold Colour- 
Dark Green— Green (common)— Green for Malachite— Blue for Malachite— Black for Mala- 
chite— Black— Common Canary Batch— Canary— White Opaque Glass— Sealing-wax Red — 
Flint— Flint Glass (Crystal and DemO— Achromatic Glass — Paste Glass— White Enamel- 
Firestone — Dead White (for moons) — ^VVHiite Agate — Canary — Canary Enamel — Index. 
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A TREATISE ON THE ART OP GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Ernest R. Sufficing. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents* 

A Short History of Stamed Glass — Designing Scale Drawings — CartocMis and the Cut Ltoe 
— ^Various Kinds of Glass Cutting for Windows — ^Tbe Colours and Brushes used m Glass 
Painting — Painting on Glass, Dispersed Patterns— Diapered Patterns— Aciding— Firing — 
•Fret Lead Glazing — Index 

J>AINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. By Felix Hermann, Technical Chemist. With 
Eighteen Illustrations. 800 pp. Translated from the German second 
and enlarged Edition. Price 10s. 6d. net. (Post free, 10s. lOd. home , 
11s. abroad ) 


Paper Making, Paper Dyeing, 
and Testing. 


THE DYEING OF PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 
Julius Erfurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius Hubner, F.C.S , Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 15T patterns of paper dyed in the pulp. RoyaJ 
8vo, 180 pp Price 15s net. (Post free, 15s 6d home ; 16s. 6d. abroad.) 


Contents* . ^ 

Behaviour of the Paper Fibres during the Process of Oyeing, Theoiy of the 
Mordant-Colour Fixing Mediums (M<;rdants)-lrfluence of the 
Used— Inorganic Colours— Organic Colours— PracUcal Application of the Co^ 
Colours according to their Properties and their Behaviour , towar^ toe Ditterent 
Paper Fibres— Dyed Patterns on Various Pulp Mixture&-Dyeing to Shade— Index. 


THE PAPER MILL CHEMIST. By Henry P. Stevens, 

M.A , Ph D , F.IC. Royal 12mo 60 Illustrations. [In the press. 

Introduction —Dealing with the Apparatus required m Chcmic^ Work and General 
Value etc Comoarative Heating Value of different Fuels and Relati\e Efificien y 

mendations of the Bwtish P i T«ts Area. Weight, Thickness, Apparent 

.including Physical Chemical Microscopj^l ’Xhicknes^ 

Specific Gravity. Bulk or ^ir Spa^ Determinancy m Absorbency and 

Strength, Stretch, Rteistanceto^nxmp gad F Filten^ Papers— 

Paper— Fibrous Constituents— Microsi^pi^l E Qnalitati and Quantitative Examma- 
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CONTENTS OP “THE TESTING OF PAPER” — continued. 

Tables — £nj;hsh and Metrical Weights and Measures with Equivalents — Conversion of 
Grains to Grains and via versa — Equivalent Costs per lb , cwt., and ton — Decimal Equivalents 
of lbs , qrs , and cwts — ^Therniometric and Barometric Scales — Atomic Weights and Molecular 
Weights — Factors for Calculating the Percentage of Substance Sought from the Weight of 
Substance Found— Table of Solubilities of Substances Treated of in Paper Making — Specific 
Gravity Tables of such substances as are used in Paper Making, including Sulphuric Acid, 
Hydrochloric Acid, Bleach, Milk of Lime, Caustic Soda, Carbonate of Soda, etc., giving 
Percentage Strength with Specific Gravity and Degrees Tw — Hardness Table for Soap 
Tests— Dew Point — Wet and Dry Bulb Tables — Properties of Saturated Steam, giving 
Temperature, Pressure and Volume — List of Different Machines used in the Paper Making 
Industry, giving Size, Weight. Space Occupied, Power to Drive, Output and Approximate 
Cost — Calculation of Moisture in Pulp— Rag- Boiling Tables, giving Percentages of Lime,, 
Soda and Time required — Loss m Weight m Rags and other Raw Materials during Boiling 
and Bleaching — Conditions of Buying and Selling as laid down by the Paper Makers' Associa- 
tion — Table of Names and Sizes of Papers — Table for ascertaining the Weight per Ream from 
the Wt/ght per Sheet — Calculations of Areas and Volumes — Logarithms — Blank pages for 
Notes. 

THE TREATMENT OP PAPER FOR SPECIAL. 
PURPOSES. By L. E. And6s. Translated from the 
German. Crown 8vo. 48 Illustrations. 250 pp. [In the Press, 

Contents. 

I,, Parchment Paper, Vegetable Parchment.— rhe Parchment Paper Machine- 
Opaque Supple Parchment Paper — ^Thick Parchment — Krugler’s Parchment Paper and Parch- 
ment Slates— Double and Triple Osmotic Parchment— Utilising Waste Parchment Paper — 
Parchmented Linen and Cotton— Parchment Millboard — Imitation Horn and Ivory from 
Parchment Paper — Imitation Parchment Paper — Artificial Parchment — Testing the Sulphuric 
Acid. 11 , Papers for Transfer Pictures 111., Papers for Preservative and Packing 
Purposes. — Butter Paper — ^Wax Paper — Paraffin Paper — Wrapping Paper for Silverware — 
Waterproof Paper — ^Anticorrosive Paper IV , Grained Transfer Papers V , Fireproof and 
Antifalsification Papers VI., Paper Articles.— Vulcanised Paper Machd— Paper Bottles — 
Plastic Articles of Paper — Waterproof Coverings tor Walls and Ceilings — Paper Wheels, 
Roofing and Boats— Pa. er Barrels— Paper Boxes— Paper Horseshoes VII , Gummed Paper 
Vn I , Hectograph Papers IX., Insecticide Papers. — Fly Papers— Moth Papers X., 
Chalk and Leather Papers.— Glacd Chalk Paper— Leather Paper— Imitation Leather. 
XI., Luminous Papers— Blue- Print Papers — Blotting Papers XII , Metal Papers — Medi- 
cated Papers XIII, Marbled Papers. XIV, Tracing and Copying Papers — Indiscent or 
Mother of Pearl Papers. XV , Photographic Papers — Shellac Paper— Fumigating Papers — 
Test Papers XVI., Papers for Cleaning and Polishing Purposes— Glass Paper — 
Pumic Paper — -Emery Paper XVIL, Lithographic Transfer Papers XIX., Sundry 
Special Papers— Satin Paper — Enamel Piper — Cork Pap^r — Split Paper— Elec Li ic Paper — 
Paper Matches — Magic Pictures — Laundry Blue Papers — Blue Paper for Bleachers XX., 
Waterproof Papers — Washable Drawing Papeis — ^Washable Card — Washable Coloured Paper 
— Waterproof Millboard — Sugar Paper XXI , The Characteristics of Paper — Paper Testing, 


Enamelling on Metal. 

ENAMELS AND ENAMELLING. For Enamel Makers,. 
Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Paul Randau. Translated from the German With Sixteen Illus- 
trations. Demy 8vo, 180 pp Price 10s. 6d net. (Post free, 10s. lOd. 
home, 11s abroad) 

THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations Crown 8vo. 60 pp. 
Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad ) 

Silk Manufacture. 

SILK THEOWING AND WASTE SILK SPINNING. 

By Hollins Rayner. Demy 8vo. 170 pp, 117 Ulus. Price 5s. net. 
(Post free, 5s 4d. home , 5s 6d, abroad.) 

Contents. 

The Silkworm — Cocoon Reeling and Qualities of Silk — Silk Throwing — Silk Wastes— The 
Preparation of Silk Waste for Degumming — Silk Waste Degumming, Schapping and Dis- 
charging — The Opening and Dressing of Wastes — Silk Waste Drawing " or “ Preparing " 
Machinery — Long Spinning — Short Spinning — Spinning and Finishing Processes — UtiUsatioui 
of Waste Products — Noil Spinning— Exhaust Noil Spinning. ' 
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Books on Textile and Dyeing 
Subjects. 

THE CHEMICAL TECHNOLOGY OP TEXTILE 

FIBRES: Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics Translated from the German by Charles Salter. 
320 pp Forty-seven Illustrations. Royal 8vo. Price 10s. 6ci. net. 
(Post free, 11s. home, 11s. 3d. abroad) 

Contents. . , 

The Textile Fibres— Washing, Bleaching, Carbonising— Mordants and Mor- 
^danting— Dyeing— Printing:— Dressing and Finishing. 

POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated 
from the German of Anthon Gruner. With Twenty-Six Diagrrams 
in Colours. 150 pp. Crown 8vo. Price 7s. 6d. net. (Post free, 
7s. 9d. home ; 8s. abroad.) 

Contents. , ^ 

Power- Loom Weaving in General. Vanous Systems of Looms — Mounting and 
'Starting the Power-Loom. English Looms— Tappet or Treadle Looms-^Dobbi^— 
Ceneraf Remarks on the Numbering, Reeling and Packing of Yam— Appendix— Useful 
Bints. Calculating Warps— Weft CaTculations— Calculations of Cost Price in Hanks. 


•TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) By Julius 
Z iPSER. Translated from German by Charles Salter- 302 Illus- 
trations. 500 pp. Demy 8vo. Price 10s. 6d. net, (Post free, 11s. 
home, 11s 6d abroad.) 

Contents. . _ 

PART l.-The Raw Materials Used m the Textile Indurti^ 

Mineral Raw Materials Vegetable Raw Maierials. Animal Raw Materials 
PART II.— The Technology of Spinning or the Conversion of Textile Raw 
Materials uito Yam. 

Spinning Vegetable Raw Materials Cotton Spinning— Inst^ation of 
•Mill— Spinning Waste Cotton and Waste Cotton Y^-F1 m Sgomnf^ine Spmnin^TOT 
•Spmnmg-Hemp Spinning-Spinning Hemp Tow Stmig-Jute Spmrang-Spinmng dute Line 
Yarn — Utilising Jute Waste. 

PART III.— Spinning Animal Raw Materials. 

Spinning Carded Woollen Yarn— Finishing Y^n—^orsted Spmnmg— Fm^ 

Yarn— Artificial Wool or Shoddy Spinning— Shoddy and Mungo JV^ufacture— Spinn^ 
'Shoddy and other Wool Substitutes— Spmmng Waste Silk— Chappe Silk— Fine Spinning— 

I Index. 

GRAMMAR OP TEXTILE DESIGN. By H. Nisbet, 

Weaving and Designing Master, Bolton Municipal Technical School 
Demy Svo. 280 pp. 490 Illustrations and Diagrams, Price 6s. net. 
(Post free, 6s. lOd. home, 7s abroad.) 

Chapter I , Introduction -GeneraP^mmpir^f Fabric Structure and the use of Design 

YT The Plain Weave and its Modifications —The Plain, Calico, or 
Tabb^^Xvel-FirmL^ssof^^^^^^^ RibbedFabr.es 

— Corded Fabrics— Matt Weaves. «« Twiit Weaves — i. Con- 

Chapter IV.. Diamond and Kindotd W^vbs,— L tooM wmvjm. 

KmdrS Weav^Bnghton Weaves-Sponge Weaves-Huck-a-Back and Kindrea wea 

Grecian Weaves— Linear Zigaag Weaves [ConHnued on next page. 
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CONTENTS OF “ QRAMMAR OF TEXTILE DESIGN ” — 

continued. 

Chapter V, Bedford Cords — P lain Calico-nbbed Bedford Cords — Plain Twill-nbbed 
Bedford Cords — Figured Bedford Cords — ^Tabulated Data of Particulars relating to the Manu- 
facture of Seventeen Varieties of Bedford Cord Fabrics described in this Chapter. 

Chapter VI., Backed Fabrics — ^Weft-backed Fabrics — ^Warp-backed Fabrics — Reversible 
or Double-faced Fabrics 

Chapter VII , Fustians —Varieties of Fustians. — Imperials or Swansdowns— Cantoons 
or Diagonals — Moleskins — Beaverteens — Velveteens and Velveteen Cutting — Ribbed or 
Cordev.1 Velveteen — Figured Velveteen— Corduroy— Figured Corduroy— Corduroy Cutting 
Machines 

Chapter VIII , Terry Pile Fabrics — Methods of producing Terry Pile on Textile Fab- 
rics — Terry-forming Devices — ^Varieties of Terry Fabrics — Action of the Reed in Relation to 
Shedding— Figured Terry Weaving — Practical Details of Terry Weaving 

Chapter IX , Gauze and Leno Fabrics -Gauze, Net Leno, and Leno Brocade 
Varieties of Cross-Weaving. — Plain Gauze, and a Heald Gauze or Leno Harness — Net 
Leno Fabrics — Gauze and Net Leno Figuring by means of several Back Standard Healds to< 
each Doup Heald— Leno Specialities produced by a System of Crossing Warp Ends in 
ftont of the Reed — A Device for the Production of Special Leno Bifects — Full Cross Leno 
Fabrics — Relative Merits of a Top and a Bottom Doup Harness — Relative Merits of Different 
Types of Dobbies for Gauze and Leno Fabrics — Shaking Devices for Leno Weaving — Practical 
Details of Leno Weaving— Tempered Steel-wire Doup Harnesses for Cross-weaving— 
Mock or Imitation Leno Fabrics 

Chapter X, Tissue, Lappet, and Swivel Figuring, also Ondulk Effects, and 
Looped Fabrics — Tissue Figuring— Madras Muslin Curtains — Lappet Figuring— Spot 
Lappet Figuring— Swivel Figuring— Woven Onduld Effects— Loom for Weaving Ondulfi 
Effects- Weft OntiulS Effects— Looped Fabrics.— Index. 

NEEDLEWORK AND DESIGN. By Miss M. E. Wilkin- 

SON, Quarto. 24 Plates and Text 52 pp. [In the Press, 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils By M. E. W. Milroy Crown 8vo. 64 pp. With 3 Plates 
and 9 Diagrams. Price Is. net. (Post free, Is. 3d home , Is 4d, 
abroad ) 

THE CHEMISTRY OP HAT MANUFACTURING. Lec- 
tures delivered before the Hat Manufacturers’ Association By Wat- 
son Smith, F C S , F I C, Revised and Edited by Albert Shonk 
Crown 8vo 132 pp 16 Illustrations Price 7s 6d net (Post free, 
7s. 9d. home , 7s. lOd. abroad.) 

Contents. 

Textile Fibres, principally Wool, Fur, and Hair — Water its Chemistry and Properties, 
Impurities and their Action , Tests of Purity — Acids and Alkalis — Boric Acid, Borax, Soap- 
Shellac, Wood Spirit, and the Stiffening and Proofing Process — Mordants their Nature and 
Use — Dyestuffs and Colours — Dyeing of Wool and Fur , and Optical Properties of Colours — 
Index 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr J. Herzfeld Second 
Edition. Sixty-nine Illustrations 200 pp Demy 8vo Price lOs 6d* 
net (Post free, 10s lOd. home , 11s abroad.) 

Contents. 

Yarn Testing. Determining the Yarn Number — Testing the Length of Yams— 
Examination of the External Appearance of Yarn — Determining the Twist of Yarn 
and Twist— Determination of Tensile Strength and Elasticity — Estimating the 
Percentage of Fat in Yarn— Determination of Moisture (Conditioning)— Appendix. 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T Lord Manufacturers and Designers of Carpets, Damask, 
Dress and all Textile Fabrics. 200 pp Demy 8vo. 132 Designs and 
Illustrations. Price7s.6d.net. (Post free, 7s. lOd home, 8s abroad) 

THEORY AND PRACTICE OF DAMASK WEAVING. 

By H. Kinzer and K. Walter. Royal 8vo. Eighteen Folding Plates. 
Six Illustrations. Translated from the German. 110 pp. Price Ss. 6d« 
net. (Post free, 9s. home ; 9s 6d. abroad.) 



21 


TEXTILE BOOKS — continued. 


Contents. 

The Various Sorts of Damask Fabrics— Dnll (Ticking, Handlooxn-made)— Whole- 
Damask for Tablecloths — Damask with Ground- and Connectin^warp Threads — Furniture 
Damask — Lampas or Hangings— Church Damasks— The Manufacture of Whole Damask. 
— Damask Arrangement with and without Cross-Shedding — The Altered Cone-arrangement— 
The Principle of the Comer Lifting Cord — The Roller Principle — ^The CombinaticKi of the 
Jacquard with the so-called Damask Machine — The Special Damask Machine — ^Thc Combina- 
tion of Tw o Tyings 


FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas. 

Reiser. Translated from the Second German Edition. Crown Svo. 
Sxxty-three Illustrations. 170 pp Price 5s. net. (Post free, 5s. 4d. 
home , 5s. 6d. abroad ) 

Contents. 

Improperly Chosen Raw Material or Improper Mixtures — ^Wrong Treatment of the 
Material in Washing, Carbonisation, Drying, Dyeing and Spinning— Improper S^cmg of tte 
Goods in the Loom — Wrong Placii^ of Colours — Wrong Weight or Width of the Goods. 
— Breaking of Warp and Weft Threads — Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like— Errors in 
Cross-weaving — Inequalities, %.e , Bands and Stripes — Dirty Borders— Defective Selvedg^— 
Holes and Buttons— Rubbed Places— Creases— Spots— Loose and Bad Colours— Badly Dyed 
Selvedges— Hard Goods— Brittle Goods — Uneven Goods— Removal of Bands, Stripes, 
Creases and Spots. 


SPINNING AND WEAVING CALCULATIONS, especially 

relating to WooUens From the German of N. Reiser Thirty-four 
Illustrations Tables. 160 pp Demy 8vo. 1904 Price 10s. 6d. net* 
(Post free, 10s lOd home , 11s. abroad.) 


Calculating the Raw Material— Pr?po”o?*opDifferent Grades of W<»1 to Furnish a 
Mixture at a Given Price— Quantity to Produce a Gi^n Length— Yam Calculations— Yam 
Number— Working Calculations — Calculating the Reed Count — Cost of Weaving, etc. 


WATERPROOFING OF FABRICS. By Dr. S. Mierzixski. 
Crown 8vo 104 pp 29 Ulus. Pnce 5s. net (Post free, 5s 3d home ; 
5s 4d abroad.) 

Contents. „ u ^ « 

Introduction -Preliminary Treatment of the Fabric— Wateijroofing Achate of 

Alumina— Impregnation of the Fabric— Dr> mg— Waterproofing with 

with Ammonium Cuprate- Waterproofing with Metallic P’''‘*“-^Colour^ Wate^wf 
Fabrics— Waterproofing with Gelatine, Tannin, Casemate of Lime and other Bodies-Manu 
tacture ot Tarpaulin— British Waterproofing Patents — Index 


HOW TO MAKE A WOOLLEN MILL PAY. By John 
Mackie Crown 8vo 76 pp Price 3s 6d net (Post free, 3s 9d. 
home , 3s lOd abroad.) 


Blends, Piles, or Mixtures of Clean sSuredWools-Dygi^ 

—Pattern Duplicate Books— Management and Oversight-Constant Inspection ot A 
partments-Importance of Delivering Goods to Time, Shade, Strength, etc -Plums. 

{For “ Textile Soaps and Oils see p 7 ) 


Dyeing, Colour Printing, 
Matching and Dye-stuffs. 

THE COLOUR PRINTING OF CARPET YARNS. Manual 

for Colour Chemists and Textde Printers. By David Paters^, 
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. Pnce 7s. 
net (Post free, 7s. lOd home ; 8s. abroad ) 

^™aod Dye^res used in Wood Yam Pnntmg-Appeodi*. 
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THE SCIENCE OP COLOUR MIXING. A Manual in- 
tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, PCS. Forty-one Illustrations, Five Coloured Plates, 
and Four Plates showing* Eleven Dyed Specimens of Fabrics. 132 
pp. Demy 8vo. Price 7s, 6d net. (Post free, 7s. lOd home , 8s. 
abroad.) 

Contents. 

Colour a Sensation , Colours of Illuminated Bodies , Colours of Opaque and Transparent 
Bodies, Surface Colour— Analysis of Light, Spectrum, Homogeneous Colours, Ready 
Method of Obtaining a Spectrum — Examination of Solar Spectrum, The Spectroscope and 
Its Construction , Colourists' Use of the Spectroscope— Colour by Absorption , Solutions and 
Dyed Fabrics, Dichroic Coloured Fabrics m Gaslight — Colour Primaries of the Scientist 
versus the and Artist, Colour Mixing by Rotation and Lye Dyeing, Hue, Purity, 

Brightness , Tints , Shades, Scales, Tones, Sad and Sombre Colours— Colour Mixing , Pure 
and Impure Greens, Orange and Violets , Large Variety of Shades from few Colours , Con- 
'Sideration of the Practical Primaries Red, Yellow and Blue — Secondary Colours , Nomen- 
43lature of Violet and Purple Group , Tints and Shades of Violet , Changes in Artificial Light 
—Tertiary Shades , Broken Hues, Absorption Spectra of Tertiary Shades— Appendix Four 
Plates with Dyed Specimens Illustrating Text— Index. 

DYERS’ MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D. 
Translated from the German by A. C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.) Twenty-four Illustrations Crown 8vo. 150 pp. Price 5s, 
net. (Post free, 5s. 4d. home ; 5s 6d. abroad ) 

COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing By David Paterson, F.C S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics. Demy 8vo. 182 pp. Price 7s 6d. net. (Post free, 7s lOd. 
home , 8s. abroad ) 

Contents. 

Colour Vision and Structure of the Eye — Perception of Colour— Primary and Comple- 
•mentary Colour Sensations — Daylight for Colour Matching — Selection of a Good Pure Light 
— Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight, etc., etc — 
Matching of Hues — Purity and Luminosity of Colours — Matching Bright Hues— Aid of Tinted 
Films — Matching Difficulties Arising from Contrast — Examination of Colours by Reflected 
and Transmitted Lights — Effect of Lustre and Transparency of Fibres in Colour Matching 
— Matching of Colours on Velvet Pile — Optical Properties of Dw stuffs, Dichroism, Fluor- 
'cscence — Use of Tinted Mediums — Orange Film — Defects of the Eye — ^Yellowing of the Lens 
— Colour Blindness, etc. — Matching of Dyed Silk Trimmings and Linings and Bindings — Its 
Difficulties — Behaviour of Shades in Artificial Light — Colour Matching of Old Fabrics, etc — 
Examination of Dyed Colours under the Artificial Lights — Electric Arc, Magnesium and Dufton, 
Gardner Lights, Welsbach, Acetylene, etc. — ^Testing Qualities of an Iliuminant— Influence 
of the Absorption Spectrum m Changes of Hue under the Artificial Lights — Study of the 
^Causes of Abnormal Modification.s or Hue, etc. 

COLOUR: A HANDBOOK OP THE THEORY OP 
COLOUR. By George H. Hurst, RC.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
Price 7s. 6d. net (Post free, 7s lOd. home , 8s. abroad ) 

Contents. 

Colour and Its Production— Cause of Colour in Coloured Bodies— Colour Pheno- 
mena and Theories— The Physiology of Light— Contrast— Colour in Decoration and 
Design— Measurement of Colour. 

Iteisstie ot 

THE ART OP DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M Macquer and M. le 
P iLEUR D’Apligny. First Published in English in 1789 Six Plates. 
Demy 8vo. 446 pp. Price 5s. net. (Post free, 5s. 6d. home, 6s. 
abroad.) 

Contents. 

Part I., The Art of Dyeing Wool and Woollen. Cloth, Stuffs, Yam, Worsted, etc. 
Part II., The Art of Dyeing Silk. Part HI., The Art of Dyeing Cotton and Linen 
Thread, together with the Method of Stamping Silks, Cottons, etc. 
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THE CHEMISTRY OF DYE-STUFFS. By Dr. Georg Voi^ 
Gborgievics Translated from the Second German Edition. 412 pp« 
Demy Svo. Price 10s 6d. net (Post free, 11s. home; 11s. 6d. abroad.) 

Contents. 

Introduction — Coal Tar — Intermediate Products m the Manufacture of Dye-stuffe— The 
Artificial Dyestuffs (Coal-tar Dyes)— Nitroso Dyestuffs— Nitro Dye-stuffs— Azo Dyestuffs — 
Substantive Cotton Dyestuffs — Azoxystilbene Dyestuffs — Hydrazones — Ketooeunides — 
Tnphenylmethane Dye-stuffs — Rosolic Acid Dyestufe— Xanthene Dye-stuffs— Xanthone Dye 
stuffs — Flavones — Oxy ketone Dye-stuffs — Quinoline and Acndine Dye-stuffs— Qumonumde 
or Diphenylamine Dyestuffs — The Aztne Group Eurhodines, Safranmes and Indulines — 
Eurhodmes — Safranmes — Qumoxalmes — Indigo — Dyestuffs of Unknown Constitutioa — 
Sulphur or Sulphine Dye stuffs— Development of the Artificial Dyestuff Industry— The 
Natural Dye-stuffs— Mineral Colours — Index. 

THE DYEING OF COTTON FABRICS: A Practical 

Handbook for the Dyer and Student By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery Demy Svo. Price 7s 6d. net. (Post free^ 
7s lOd. home , 8s. abroad.) 


Contents. 

Structure and Chemistry of the Cotton Fibre — Scouring and Bleaching of Cotton — Dyeing 
Machinery and Dyeing Manipulations — Principles and Practice of Cotton Dyeing — 
Dyeing, Direct Dyeing followed by Fixation with Metallic Salts, Direct Dyeing folloi^^d by 
Fixation with Developers, Direct Dyeing followed by Fixation with Couplers; Dyeing ons 
Tannic Mordant, Dyeing on Metallic Mordant; Production of Colour Direct upon Cotton 
Fibres ; Dyeing Cotton by Impregnation with Dye-stuff Solution— Dyeing Union (Mixm ^tton 
and Wool) Fabrics— Dyeing Half Silk (Cotton-Silk, Satin) Fabrics— Operations followung 
Dyeing— Washing, Soaping, Drying— Testing of the Colour of Dyed Fabrics— Experimental 
Dyeing and Comparative Dye Testing— Index. . i « 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours. 

THE DYEING OF WOOLLEN FABRICS. By Franklin 

Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy Svo 228 pp. Price 7s 6d. net (Post free, 7s lOd. home ; 
8s abroad ) 

Contcn'tSa _ 

The Wool Fibre— Structure, Composition and Properties— Processes Preparatory to Dyei^ 
—Scouring and Bleaching of Wool— Dyeing Machinery and Dywng Manipulationsr-Loo^ 
Wool Dyeing, Yam Dyeing and Piece Dyeing Machines— The PnnaplM 
Wool Dyeing— Properties of Wool Dyeinj^Methoik of Wj»l Dyeing ^ 

Dvcing with^ the Direct Dyes— Dyeing with Basic Dyes^Dyeing with i^iid Dyes— g 

with Mordant Dyes— Le\el Dyeing- Blacks on Wool— Reds on M ool— Mordanting 

Orange Shades on Wool— Yellow Shades on Wool— Green Shades on M ool—Blu^had<» 
WoSl-Wolet Shades on Wool-Brown Shades on Wool-Mode Colours on 
iTmnn Cotton WooI) Fabrics — Dyeing of Gloria- Operations following Dyeing-- 

&nKp‘nt D^-^-Expenmen^ iSyeiSg and Comparative D,e Testing-Testing of 
the Colour of Dyed Fabrics— Index 


Bleaching and Washing. 

A PRACTICAL TREATISE ON THE BLEACHING OP 
i5nEN AND COTTON YARN AND FABRICS. By 

L Tailfer, Chemical and Mechanical Engineer. Tr^slated from 
French by John Geddes McIntosh Demy Svo. 3^ 

Ulus. Price 12s 6d. net. {Post free, 13s home , 13s 6d abroad.) 

Cotton Spinning and Combing. 

COTTON SPINNING (First Year). By Thomas Thornley, 
Spinning Master, Bplton Technical School. IJO.PP* Eighty-four 1 u - 
traS Crown 8vo. Second Impression. Pnce3s.net. (Post free, 
3s. 4d home ; 3s. 6d abroad.) 

Syllabus and Examination lepers ot 
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COTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley 180 pp. Seventy Illustrations. Crown 8vo. 
Price 5s. net. (Post free, 5s. 4d home , 6s. 6d abroad.) 

Contents. 

Syllabuses and Examination Papers ot the City and Guilds of London Institute — The 
Combing Process— The Drawing Frame — Bobbin and Fly Frames — Mule Spinning — Ring 
Spinning— General Indexes, 

COTTON SPINNING (Honours, or Third Year). By Thomas 
Thornley 216 pp. Seventy-four Illustrations. Crown 8vo. Second 
Edition. Price 5s. net. (Post free, 5s. 4d. home , 6s. 6d abroad ) 

Contents. 

Syllabuses and Examination Papers ot the City and Guilds of London Institute— Cotton— 
The Practical Manipulation of Cotton Spinning Machinery — Doubling and Winding — Reeling 
— Warping — Production and Costs — Mam Driving— Arrangement of Machinery and Mill 
Planning — Waste and Waste Spinning — Indexes. 

COTTON COMBING MACHINES. By Thos. Thornley, 

Spinning Master, Technical School, Bolton Demy 8vo 117 Illustra- 
tions. 300 pp Price 7s. 6d. net. (Post free, 8s. home ; 8s 6d. abroad ) 

Contents. 

The Sliver Lap Machine and the Ribbon Cap Machine— General Description of the Heilmann 
Comber — The Cam Shaft — On the Detaching and Attaching Mechanism of the Comber — 
Resetting of Combers — ^The Erection of a Heilmann Comber — Stop Motions , Various Calcu- 
lations — Various Notes and Discussions — Cotton Combing Machines of Continental Make — 
Index 

Flax, Hemp and Jute Spinning. 

MODEBN FLAX, HEMP AND JUTE SPINNING AND 
TWISTING. A Practical Handbook for the use of Flax, 
Hemp and Jute Spinners, Thread, Twine and Rope Makers By 
Herbert R. Carter, Mill Manager, Textile Expert and Engineer, 
Examiner in Flax Spinning to the City and Guilds of London 
Institute. Demy 8vo 1907 With 92 Illustrations 200 pp. Price 
7s 6d net (Post free, 7s 9d. home ; 8s abroad ) 

Contents. 

Raw Fibre — Origin of Flax — Hemp and Jute Fibre — Description of the Plants — Mode of 
Cultivation — Suitable Climate and Soil — Sowing — Harvesting — Rippling Flax and Hemp- 
Water Retting — Dew Retting— Extraction of the Fibre— Marketing the Fibre — Bracquing — 
Flax, Hemp and Jute Marks — Comparative Prices — Ports ot Export — Trade Centres — Fibre 
Selling Conditions — Duty on Fibre — Fibre Exports Hackling. — Sorting and Storing the 
Raw Abre — Softening Hemp and Jute — Jute Batching — Cutting — Piecing Out — Roughing — 
Hackling by Hand ana Machine — ^Tippling — Sorting — Ventilation of Hackling Rooms Sliver 
Formation —Spreading Line— Heavy Spreading System — Good's Combined Hackle and 
Spreader — Jute Breaking and Carding — Flax and Hemp Tow Carding — Bell Calculation — 
Clock System — Theory ot Spreading Line and Tow Preparing. — Drawing and Doubling 
— Draft Calculation — Set Calculation — ^Tow Combing — Compound Systems — Automatic Stop 
Motions and Independent Heads — Details of Preparing Machinery — Ventilation — Humidifica- 
tion Qlll Spinning.— Gill Spinning for Shoe Threads, Rope Yarns, Binder and Trawl 
Twines — The Automatic Gill Spinner — Rope and Reaper Yarn Numbering The Flax, 
Hemp and Jute Roving Frame. — Bobbin Winding — Differential Motion — Twist Calculation 
— Practical Changing — Rove Stock Dry and Half-Dry Spinning. — Flyer and Ring 
Frames— Draft and Twist Calculation — Bobbin Dragging — Reaches— Set of Breast Beam 
and Tin-rod Wet Spinning of Flax, Hemp and Tow — Hot and Cold Water Spinning — 
Improvements m the Water Trough — Turn off and Speed of Spindles — Reaches — Belting — 
Band Tyin^ — ^Tape Driving — Oiling — Black Threads — Cuts per Spindle — Ventilation of the 
Wet Spinning Room Yarn Department. — Reeling — Cop Winding — Cheese and Spool 
Winding — Balling Shoe Thread, Reaper Yarn, etc. — ^Yarn Drying and Conditioning — ^Varn 
Bundling — Yarn Baling— Weight of Yarn — ^Yam Tables — Duty on Yarn Imports Manufac- 
ture of Threads, Twines and Cords.— Hank Winding — Wet and Dry Twisting— Cabling- 
Fancy Yarns — TvMne Laying — Sizing and Polishing Threads and Twines — Softening Threads 
— Skeining Threads— Balling Twines — Leeson's Universal Winder — Handing Twines — Spool- 
ing Sewing Threads— Comparative Prices of Flax and Hemp Cords, Lines and Threads 
Rope Making. —Construction of Hawsers and Cables — Stranding — Laying and Closing — 
'Compound Rope Machines — Rules for Rope Makers — ^Weight of Ropes — Balling and Coiling 
Ropes. Mechanical Department.— Boilers, Engines and Turbines— Power Transmission 
by Belts and Ropes — Electric Light and Power Transmission — Fans — Oils and Oiling — 
Repairs — Fluting Mill Construction.— Flax, Hemp and Jute Spinning Mills and Ropeworks 
— Heating— Roots— Chimneys, etc. 
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Collieries and Mines. 


RECOVERY WORK AFTER PIT FIRES. By Robert 

Lamprecht, Mining Engineer and Manager. Translated from the 
German. Illustrated by Six large Plates, containing Seventy-six 
Illustrations. 175 pp., demy 8vo. Price 10s. 6d. net. (Post £ree> 
10s. lOd. home, 11s abroad.) 

Contents. 

Causes of Pit Fires— Preventive Regulations : (1) The Outbreak and Rapid Extension 
of a Shaft Fire can be most reliably prevented by Employing little or no Combustible Material 
m the Construction of the Shaft. (2) Precautions For Rapidly Localising an Outbreak of Fire m 
the Shaft , (3) Precautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient. 
Precautions against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of 
Fire-damp and Coal Dust Employment of Electricity in Mining, particularly m Fiery Pits. 
Experiments on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity — 
Indications of an Existing or Incipient Fire— Appliances for Working in Irrespirable 
Oases: Respiratory Apparatus, Apparatus with Air Supply Pipes; Reservoir Apparatus; 
Oxygen Apparatus— Extinguishing Pit Fires: (a) Chemical Means, (6) Extinction with 
Water Dragging down the Burning Masses and Packing with Clay, (c) Insulatmg the Seat 
of the Fire by Dams Dam Building Anal 5 rses of Fire Gases. Isolating the Seat of a Fire 
with Dams Working m Irrespirable Gases (“ Gas-diving ”) Air-Lock Work. Complete 
Isolation of the Pit. Flooding a Burning Section isolate by means of Dams. Wooden 
Dams Masonry Dams Examples of Cylindrical and Dome-shaped Dams. Dam Doors: 
Flooding the Whole Pit— Rescue Stations: (a) Stations above Ground; (6) Underground 
Rescue Stations— Spontaneous Ignition of Coal in Bulk— Index. 


VENTILATION IN MINES. By Robert Wabner, Mining 

Engineer. Translated from the German Royal Svo. Thirty Plates 
and Twenty-two Illustrations. 240 pp Price 10s 6d. net. (Post free, 
11s home, 11s. 3d abroad) 

Contents. 

The Causes of the Contamination of Pit Air-The Means of Preventmg the 
Dangers resulting from the Contamination of Pit Air— Calculating the Volme 
of Ventilating Current necessary to free Pit Air from Contamination— Determination 
of the Resistance Opposed to the Pass^e of Air through the Pit— Laws of Re- 
sistance and Formulae therefor — Fluctuations in the Temperament or Specific Re- 
silSncI S? a Pit-Means for Providing a Ventilating Current in the Pit-Mechani- 
cal Ventilation— Ventilators and Fans— Determining the Theoretiwl, Initial, Md 
True (Effective) Depression of the Centrifugal Pan— New Types of Centrifugal Fm 
of Small Diameter and High Working Spewed— UtiUsing 

the utmost Advantage and distributing the same through the WorlanM Artifici- 
ally retarding the Ventilating Cnp*®nt— Ventilating Preliminary Working Blind 
Headings— Separate Ventilation— Supervision of Ventilation— Index 


HAULAGE AND WINDING APPLIANCES USED IN 
MINES By Carl Volk. Translated from the German. 
Royal 8vo. With Six Plates and 148 lUustrations 150 pp. Pnee 
88. 6d net (Post free, 9s. home , 9s 3d abroad) 

Contents. 



Dental Metallurgy. 

DENTAL METALLURGY : MANUAL FOR STUDENTS 
AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 
8vo. Thirty-six Illustrations. 200 pp. Price 7s. 6d net. (Post free, 
7s.l0d home; S®- abroad 

I„tmducnon-PW Properh^ rf 

Alloys— Action of Oral Barteria on ^^J^l^^^Qj^j_jjljIercury—Silv«t^Iron— Copper— 
Furnaces and Appluuices-Hea^yd '^pe ^^^^^ ^“g^_Bamgth-Palladiu- 
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Engineering, Smoke Prevention 
and Metallurgy. 

'THE PREVENTION OP SMOKE. Combined with the 
Economical Combustion of Fuel. By W. C. Popplewell, M.Sc., 
A.M Inst , C.E., Consulting Engineer. Forty-six Illustrations. 190 pp. 
Demy 8vo. Price 78. 6d. net. (Post free, 78. lOd. home ; 8s. 3d. abroad ) 
Contents. 

Fuel and Combustion — Hand Firing in Boiler Furnaces— -Stoking by Mechanical Means-^ 
Powdered Fuel — Gaseous Fuel — EfiBciency and Smoke Tests of Boilers — Some Standard 
'Smoke Trials— The Legal Aspect of the Smoke Question — ^The Best Means to be adopted for 
•the Prevention of Smoke — Index. 

GAS AND COAL DUST FIRING. A Critical Review of 
the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. Translated from the 
German. With 103 Illustrations. Price 7s, 6d. net. (Post free, 7s lOd. 
home, 8s. abroad.) 

Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances— 
Direct Generators — Burners — Regenerators and Recuperators — Glass Smelting Furnaces— 
Metallurgical Furnaces — Pottery Furnace— Coal Dust Firing — Index 

THE HARDENING AND TEMPERING OP STEEL 
IN THEORY AND PRACTICE. By Fridolin Reiser. 

Translated from the German of the Third Edition. Crown 8vo. 
120 pp Price 5s. net (Post free, 5s. 3d home; 5s. 4d. abroad ) 
Contents. 

steel — Chemical and Physical Properties of SteeL and their Casual Connection— 
•Classification of Steel according to Use— Testing the Quality of Steel — Steel- 
Hardening— Investigation of the Causes of Failure in ;^Hardening— Regeneration of 
Steel Spoilt in the Furnace— Welding Steel— Index. 

SIDEROLOGY: THE SCIENCE OP IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Freiherr v. Juptner 350 pp. Demy 8vo Eleven Plates 
and Ten Illustrations Price 10s, 6d net (Post free, 11s. home, 
11s. 6d. abroad) 

Contents. 

The Theory of Solution. — Solutions — Molten Alloys— Varieties of Solutions — Osmotic 
pressure — Relation between Osmotic Pressure and other Properties of Solutions — Osmotic 
Pressure and Molecular Weight of the Dissolved Substance — Solutions of Oases — Solid Solu- 
tions — Solubility — Diffusion — Electrical Conductivity — Constitution of Electrolytes and Metals 
— Thermal Expansion. Micrography. — Microstructure — The Micrographic Constituents of 
Iron — Relation between Micrographical Composition, Carbon-Content, and Thermal Treat- 
ment of Iron Alloys — The Microstructure of Slags Chemical Composition pf the Alloys 
of Iron. — Constituents of Iron Alloys— Carbon— Constituents of the Iron Alloys, Carbon — 
Opinions and Researches on Combined Carbon — Opinions and Researches on Combined 
Carbon — ^Applying the Curves of Solution deduced from the Curves of Recalescence to the De- 
termination or the Chemical Composition of the Carbon present in Iron Alloys — The Constitu- 
ents of Iron— Iron— The Constituents of Iron Alloys— Manganese— Remaining Constituents of 
Iron Alloys— A Silicon— Gases The Chemical Composition of Slag.— Silicate Slags— 
'Calculating the Composition of Silicate Slags — Phosphate Slags — Oxide Slags— Appendix — 
Index. 

EVAPORATING, CONDENSING AND COOLING AP- 
PARATUS. Explanations, Formulae and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B Sc. (Lend.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. Demy 8vo. Price 10s. 6d. net. 
(Post free, Us. home, 11s. 6d. abroad.) 
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Contents of Evaporatinir, Condensing and Cooling 
Apparatus*'. 

JeflCocfficient of Transmission of Heat, k/, and the Mean Temperature Difference, 
Parallel ^nd Opposite Currents— Apparatuslor Heating with Direct Fire— The Injecti^ of 
Saturated Steam— Superheated Steam— Evaporation by Means of Hot Liquids— The Trans- 
ference or Heat in General, and Transference by means of Saturated Steam in Partimilar 
—The Transference of Heat from Saturated Steam in Pipes (Cods) and Double 
— Evaporation m a Vacuum — ^The Multiple-effect Evaporator — Multiple-effect Evaporators 
from which Extra Steam is Taken— The Weight of Water which must be Evaporated from 
100 Kilos of Liquor in order its Onginal Percentage of Dry Materials from 1-25 per cent, 
up to 20-70 per cent — The Relative Proportion of the Heatmg Surfaces m the Elements 
of the Multiple Evaporator and their Actual Dimensions — ^The Pressure Exerted by Currents 
of Steam and Gas upon Floating Drops of Water— The Motion of Floating Drops of Water 
upon which Press Currents of Steam — The Splashing of Evaporating Liquids — ^The Diameter 
of Pipes for Steam, Alcohol, Vapour and Air — ^The Diameter of Water Pipes— The Loss 
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing 
the Loss — Condensers— Heating Liquids by Means of Steam— The Cooling of Liquids— 
The Volumes to be Exhausted from Condensers by the Air-pumps— A Few Remarks on Atr- 
pumps and the Vacua they Produce — The Volumetric Efficiency of Air-pumps — The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Onginal Pressure to a 
Certain Lower Pressure — Index. 


Sanitary Plumbing, Metal 
Work, etc., etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs By John W. Hart, R P.C. 180 Illustrations. 272 
pp. Demy 8vo Second Edition Revised. Pnee 7s. 6d. net. (Post 
free, 7s. lOd home , 8s abroad ) 

Contents. 

Cast Sheet Lead — Milled Sheet Lead — Roof Cesspools — Socket Pipes — Drips — Gutters— 
Gutters (continued) — Breaks — Circular Breaks — Flats— Flats (continued) — Rolls on Flats — 
Roll Ends— Roll Intersections— Seam Rolls— Seam Rolls (continued)— Tack Fixings— Step 
Flashings — Step Flashings (continued) — Secret Gutters — Soakers — Hip and Valley Soakers 
— Dormer Windows — Dormer Windows (continued) — Dormer Tops — Internal Dormers— 
Skylights— Hips and Ridging- Hips and Ridging (continued)— Fixings for Hips and Ridging 
—Ornamental Ridging— Ornamental Curb Rolls— Curb Rolls— Cornices— To-w ers and Finials 

Towers and Finials (continued) — Tow^ers and Fmials (continued) — Domes — Domes (continued) 

—Ornamental Lead Work— Ram Water Heads— Rain Water Heads (continued)— Rain Water 
Heads (continued). 


HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 

Revised and Corrected By John W. Hart, RPC. 184 Illustrations. 
313 pp Demy 8vo Price 7s. 6d. net (Post free, 8s home ; 8s. 6d. 
abroad ) 

Contents. 


Pipe Bending — Pipe Bending (continued) — Pipe Bending (continued) — Square Pipe 
Bendings — Half-circular Elbows — Curved Bends on Square P>P® — ^s^d Bends Cu^ed 
Plinth Bends — Rain-water Shoes on Square Pipe — Cui^ed and Angle Bends Square Pi^ 
Fixings— Joint-wiping— Substitutes for Wiped Joints— I^cpanng Wiped Jointe-pJoint Fmngs 
—Plumbing Irons— Joint Fixings— Use of “Touch” m Soldering— Underfed Jmnte 
and Copper Bit Joints- Branch Joints— Branch Joints (rantmued)— Block Joints— Block 
Joints (continued)— Block Fixings— Astragal Joints— Pipe Fixings— Large BraniJ Joints 
Large Underhand Joints— Solders— Autogenous Soldering or Lead Burning— Index 


SANITARY PLUMBING AND DRAINAGE. By John 
W. Hart. Demy 8vo, With 208 Illustrations. 250 pp. 1904. Price 
7s 6d net. (Post free, 7s. lOd. home , 8s. abroad ) 

Contents. 


Sanitarv Survevs-Dram Testing— Dram Testing with Smoke— Testing Drams with Water 

-HMhol«-Ir°n So.l fipes-Leal Soil P>pes-Ventilat.ng Pipes-Wat^(»^i^^ 

Cisterns Baths Bath Fittings — Lavatories — Lavatory Fittings — Sinte— Waste Pip«-- 

mter Supply— Ball Valves— Town House Sanitary Ai^gemcnts— Dramage-Jomfaiig 
Pipes— Accessible Drains— Iron Drains— Iron Junctions— Index. 
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THE PRINCIPLES AND PRACTICE OP DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. Price 2s. net. (Post free, 28 8d home and abroad.) 

A HANDBOOK ON JAPANNING AND ENAMELLING 
POR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 
Price 2s. net. (Post free, 2s. 3d. home and abroad ) 

THE PRINCIPLES OP HOT WATER SUPPLY. By 

John W. Hart, R.P C. With 129 Illustrations. 177 pp., demy 8vo. 
Price 7s. 6d net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Water Circulation — ^The Tank System — Pipes and Joints — ^The Cylinder System — Boilers 
for the Cylinder System — ^The Cylinder System— The Combined Tank and Cylinder System 
—Combined Independent and Kitchen Boiler— Combined Cylinder and Tank System with 
Duplicate Boilers — Indirect Heating and Boiler Explosions — Pipe Boilers — Safety Valves — 
Safety Valve® — ^The American System— Heating Water by Steam— Steam Kettles and Jets 
—Heating Power of Steam — Covering for Hot Water Pipes — Index. 


House Decorating and Painting. 

THREE HUNDRED SHADES POR DECORATORS 
AND HOW TO MIX THEM. By A. Desaint. 

Quarto The book will consist of a wide range of shades and tints 
suitable for decorators carefully numbered and mounted for easy 
reference, with full particulars as to the composition of each shade. 

\In the press. 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 
Price 3s 6d. net. (Post free, 3s 9d. home and abroad ) 

A HISTORY OF DECORATIVE ART. By W. Norman 
Brown. Thirty-nine Illustrations 96 pp. Crown 8vo. Price 2s. 6d. 
net. (Post free, 2s 9d home and abroad ) 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W N Brown Crown 8vo. 128 pp. Second 
Edition. Price 2s. 6d. net. (Post free, 2s. 9d. home , 2s. lOd abroad ) 


Brewing and Botanical. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OP COMMERCE. By Emmanuel Gross, Professor at 

the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German Seventy-eight Illustrations 340 pp Demy 8vo. 
Price 12s. 6d. net. (Post free, 13s. home , 13s. 6d. abroad ) 

Contents. 

HISTORY OF THE HOP— THE HOP PLANT— Introductory^The Roots— The Stem— 
and Leaves — Inflorescence and Flower* Inflorescence and Flower of the Male Hop, In- 
florescence and Flower of the Female Hop — ^The Fruit and its Glandular Structure The 



29 


'JFruit and Seed— Propagation and Selection of the Hop— Varieties of the Hop {a) Red Hops ; 
(jb) Green Hops , (c) Pale Green Hops— Classification according to the Period of Ripening : 
Early August Hops ; Medium Early Hops » Late Hops — Injuries to Growth — Leaves Turning 
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, Damage from Wind, Hail 
and Rain , Vegetable Enemies of the Hop Animal Enemies of the Hop — Beneficial Insects on 
Hops — CULTIVATION — ^The Requirements of the Hop in Respect of Climate, Soil and 
Situation Climate, Soil, Situation — Selection of Variety and Cuttmgs — Planting a Hop 
Garden* Drainage, Preparing the Ground, Marking-out for Planting , Planting, Cultivation 
and Cropping of the Hop Garden in the First Year— Work to be Performed Annually m the 
Hop Garden Working the Ground, Cutting, The Non-cutting System, The Proper Per- 
formance of the Operation of Cutting* Method of Cutting* Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut, Proper Season for Cutting Autumn Cutting, Spnng 
•Cutting, Manuring, Training the Hop Plant: Poled Gardens, Frame Training , Principal 
Types of Frames ; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking, 
Diying and Bagging— Pnncipal and Subsidiary Utilisation of Hops and Hop Gardens — Life 
•of a Hop Garden , Subsequent Cropping — Cost of Production, Yield and Selling Pnces. 

Preservation and Storage — Physical and Chemical Structure of the Hop Cone— Judging 
d:he Value of Hops 

Statistics of Production— The Hop Trade— Index. 


Timber and Wood Waste. 


'TIMBER • A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentier Royal 8vo 437 pp. 178 Illustrations. Price 
12s. 6d net. (Post free, 13s. home , 14s. abroad ) 


Contents. 

Physical and Chemical Properties of Timber— Composition of the Vegetable Bodies 
—Chief Elements— M Fremy’s Researches— Elementary Organs of Plants and especially of 
Forests— Different Parts of Wood Anatomically and Chemically Considered— General Pro- 
iperties of Wood— Description of the Different Kinds of Wood— Pnncipal Essen^s with 
Caducous Leaves— Coniferous Resinous Trees — Division ol the Useful Varieties of Timber 
in the Different Countries of the Globe— European Timber- African Timber— Asiatic 
Timber— American Timber— Timber of Oceania— Forests— General Notes as to Fo^ts , their 
Influence— Opinions as to Sylviculture— Improvement of Forests— Unwooding and Reuoodmg 
—Preservation of Forests— Exploitation of Forests— Damage caused to Forests— Different 
Alterations- The Preservation of Timber— Generalities— Causes and Progress of De- 
terioration-History of Different Proposed Processes— Dessication— Superficial CYbon^sation 
of Timber— Processes by Immersion— Generalities as to Antiseptics Employed- Injection 
Processes m Closed Vessels— The Boucherie System, Based upon the Displacernent of the 
Sao- Processes for Making Timber Uninflammable— Apphcations of Timber— t^neralities 
—Working Timber— Paving— Timber for Mines— Railway Traverses— Accessory Products— 
Gums— Works of M Fremy— Resins-Barks-Tan-Appliration of (^rk— The ^plimtion of 
Wood to Art and Dyeing — Different Apphcations of Wood — Hard Wood— Distillation of 
Wood— Pyroligneous Acid — Oil of Wood — Distillation of Resms— Index 


THE UTILISATION OP WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp. Fifty Illustra- 
tions Price 5s. net. (Post free, 5s 4d. home , 5s 6d. abroad ) 


Contents. 

General Remarks on the Utilisation of Sawdust— Employm^t of Sawdust ^ Fuel , 
with and without Simultaneous Recovery of Charcoal and the 
Manufacture of Oxalic Acid from Sawdust— Pr^ess wth So^ 

^hhg’s Process— Manufacture of Spirit (Ethyl ^^ohol) from W<^ Dy^ 

StoppIiSi-Parqu^ry-^ Production of Wood Wool-Bark- 

Index. 
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Building and Architecture. 

THE PREVENTION OF DAMPNESS IN BUILDINOS;, 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers,, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M J. Salter, F.I.C., 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo. 
115 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad ) 

Contents* 

The Various Causes of Dampness and Decay of the Masonry of Butldinns, and the 
Structural and Hj^ienic Evils of the Same— Precautionary Measures during? Building against 
Dampness and BfRorescenoe— Methods of Remedying Dampness and Efflorescences m the 
Walls of Old Buildings— The Artificial Drying of New Houses, as well as Old Damp Dwellings, 
and the Theory of the Hardening of Mortar— New, Certain and Permanently Efficient 
Methods for Drying Old Damp Walls and Dwellings- The Cause and Origin of Dry-rot ; its 
Irgurious Effect on Health, its Destructive Action on Buildings, and its Successful Repres- 
sion-Methods of Preventing Dry-rot to be Adopted During Construction— Old Methods 
of Preventing Dry-rot— Recent and More Efficient Remedies for Dry-rot — Index 


HANDBOOK OP TECHNICAL TERMS USED IN ARCHI- 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By Augustine C. Passmore. 
Demy 8vo. 380 pp. Price 7s 6d net. (Post free, 8s home ; 8s. 6d. 
abroad.) 


Foods and Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 
SWEETMEATS. By A Hausner. With Twenty-eight 
Illustrations. Translated from the German of the third enlarged 
Edition. Crown 8vo. 225 pp. Price 7s 6d. net (Post free, 7s 9d, 
home, 7s lOd abroad.) 


Contents. 

The Manufacture of Conserves — Introduction— The Causes of the Putrefaction of Food 
— ^The Chemical Composition of Foods — The Products of Decomposition — The Causes of Fer- 
mentation and Putrefaction— Preservative Bodies— The Various Methods of Preserving Food 
— The Preservation of Animal Food — Preserving Meat by Means of Ice — The Preservation 
of Meat by Charcoal— Preservation of Meat by Drying — The Preservation of Meat by the 
Exclusion of Air— The Appert Method— Preserving Flesh by Smoking— Quick Smoking— Pre- 
serving Meat with Salt— Quick Salting by Air Pressure— Quick Salting by Liquid Pressure— 
Gamgee’s Method of Preserving Meat — The Preservation of Eggs — Preservation of White 
and Yolk of Egg — Milk Preservation — Condensed Milk — The Preservation of Fat— Manu- 
facture of Soup Tablets — Meat Biscuits — Extract of Beef — The Preservation of Vegetable 
Foods m General — Compressing Vegetables — Preservation of Vegetables by Appert’s Method 
—The Preservation of Fruit— Preservation of Fruit by Storage — The Preservation of Fruit 
by Drying— Drying Fruit by Artificial Heat— Roasting Fruit— The Preservation of Fruit with 
Sugar— Boiled Preserved Fruit— The Preservation of Fruit in Spirit, Acetic Acid or Glycerine 
—Preservation of Fruit without Boiling— Jam Manufacture — The Manufacture of Fruit 
Jellies — The Making of Gelatine Jellies— The Manufacture of “ Sulzen ’’—The Preservation of 
Fermented Beverages — The Manufacture of Candies — Introduction — The Manufacture of' 
Candied Fruit — The Manufacture of Boiled Sugar and Caramel— The Candying of Fruit- 
Caramelised Fruit— The Manufacture of Sugar Sticks, or Barley Sugar — Bonbon Making- 
Fruit Drops — The Manufacture of Dragees — The Machmeiy and Appliances used in Candy 
Manufacture— Dyeing Candies and Bonbons— Essential Oils used m Candy Making— Fruit 
Essences — The Manufacture of Filled Bonbons, Lit^eur Bonbons and Stamped Lozenges— 
Recipes for Jams and Jellies— Recipes for Bonbon Making — Dragdes — ^Appenmx — Index 
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Dyeing Fancy Goods. 

-the art op dyeing and staining marble, 

ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OP miTATING ALL SORTS OP 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlbt, 
Technical Chemist. Crown 8vo. 168 pp. Price 5s. net. (Post free, 
5s. 3d. home ; Ss. 4d. abroad ) 

Contents. 

Mordants and Stains — Natural Djys— Artificial Pigments— Coal Tar Dyes — Stainmg 
Marble and Artificial Stone— Dyeing, Bleachmg and Imitation of Bone, Horn and Ivory— 
Imitation of Tortoiseshell for Combs Yellows, Dyemg Nuts— Ivory — Wood Dyeing — Iniitaboa 
of Mahogany Dark Walnut, Oak, Birch-Bari^ Elder-Marquetry, Walnut, W:^ut-Marqtietry, 
Mahogany, Spanish Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Bbony^ Pear 
Tree — Black Dyeini{ Processes vhth Penetrating Colours — ^Varnishes and Polis h es* English 
Furniture Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for 
4>reserving Furniture— Index. 

Celluloid. 

-CELLULOID. The Raw Material, Manufacture and Uses. 

By Ur. Fr. Bockmann. 49 Illus. Crown 8vo [Tn the Press. 


Lithography, Printing and 
Engraving. 

PRACTICAL LITHOGRAPHY. By Alfred Seymour. 

120 pp 


Demy 8vo With Frontispiece and 33 Illus. 
net. (Post free, 5s 4d home , 5s 6d abroad.) 

Contents. 


Price 5s. 


V 1 n rt Ttr 1 

Stones— Transfer Inks— Transfer Papers— Transfer Prmtmg-Litbo Pr^s Work— 

. , « . - ^—.Substitutes for Lithographic btones—Tin Plate Printing 


Machine Printing— Colour Printing — 1 
and Decoration — Photo-Lithography. 


PRINTERS’ AND STATIONERS’ READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 

Crown 8vo. H2 pp. 1904. Pnce3s6dnet (Post tree, 3s 9d. home ; 
3s lOd. abroad ) 

Price of Paper per Sheet, Quire, Ream and Lb — C^st of IM to 
Siaes and Prices per Ream-(Sst of Cards— Quantity Table-Sizes f ib^ 

oCards, etc —Notes on Account Books— Discount Tables— Sizes of spaces — Leads to a lb. 
J^ictionary — Measure for Bookwork — Correcting Proofs, etc 

ENGRAVING FOR ILLUSTRATION. HISTORICAL 
and PRACTICAL NOTES. By J. Kirkbride. 72 pp. 

Two Plates and 6 Illustrations Crown 8vo. Price 2s. 6d. net. (Post 
free, 2s. 9d. home ; 2s. lOd. abroad ) 

Bookbinding. 

PRACTICAL BOOKBINDING. By Paul Adah. TrMslated 
from the German. Crown 8vo. 180 pp. lUustrations. Price Ss. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 
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Cutting, Rounding and Backing— Forwarding, Decoration of Edges and Headbanding— 
Boarding— Preparing the Cover— Work with the Blocking Press — Treatment of Sewn Books,, 
Fastening in Covers, and Finishing Off— Handtooling and Other Decoration— Account Books 
—School Books, Mounting Maps, Drawings, etc. — Index. 

Sugar Refining. 

THE TECHNOLOGY OP SUGAR: Practical Treatise on, 

the Modem Method of Manufacture of Sugar from the Sugar Cane and 
Sugar Beet. By Jqhn Gbddbs McIntosh. Second Revised and 
Enlarged Edition. Demy Svo. Fully Illustrated. 486 pp, Seventy-six 
Tables. 1906. Pfice 10s, 6d. net. (Post free, lls. home; lls. 6d. 
abroad.) 

Contents. 

Chemistity of Sucrose. Lactose Maltose, Glucose, Invert Sugar, etc. — Purchase and 
Analysis of Beets— Treatment of Beets— Diffusion— Filtration— Concentration— Evaporation- 
Sugar Cane: Cultivation— Milling— Diffusion— Sugar Refining— Analysis of Raw Sugars— 
Chemistry of Molasses, etc. 

(See Evaporatings Condensings ApparatuSs' p. 26.) 

Bibliography. 

CLASSIFIED GUIDE TO TECHNICAL AND COM- 
MEECIAL BOOKS. Compiled by Edgar Greenwood. 
Demy Svo. 224 pp. 1904 Being a Subject-list of the Principal 
British and American Books in print ; giving Title, Author, Size, Date, 
Publisher and Price. Price 7s. 6d. net. (Post Ircc, 7s. lOd. home , 
8s. 3d, abroad.) 


THE TECHNICAL BOOKS m this Catalogue can be obtained 
through all Booksellers, or post free direct from the Publishers by re- 
mitting the amount given in brackets 

Fun Particulars of Contents of any of the above books will 
be sent on application. 

Books In the Press- — The Publishers will send Contents and 
prices of books in the press as soon as ready to any one sending their 
address. 

Technical Books upon all Subjects can be obtained through 
Scott, Greenwood & Son, if requirements arc fully stated. 


SCOTT, GREENWOOD & SON, 
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